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with standard components 


Where a complete meteorological system 
is required, Beckman & Whitley offers 


N everything you need: 1. Time-tried and 
4 proved anemometers, wind-direction units, 
e thermal radiometers, soil heat-flow 


transducers, etc, of the highest quality and 
performance, and 2. A knowledgeable 

and experienced engineering and 
meteorological group prepared to develop 
these elements into a complete met system 
to meet your particular needs. 


Ore EXAMPLE: Illustrated here is a complete 
automatic wind-profile system created for 
IGY glacier studies. The logarithmic pickup 
array is composed of standard transmitters 
wl mounted on a standard meteorological mast 


and telemetered to standard translator units 
CO driving a special photographic recording unit. 


Shown below, this device automatically 
records the readings from digital counters 
representing the four wind-speed pickups, 
together with the indication from a clock 
face, operating on an interval basis which 
can be anything from seconds to hours. 
Wind direction is written on a standard 
strip-chart recorder. 


There are many other examples ranging 
from small portable weather stations to 
rocket-motor test-tower instrumentation 
running into dozens of pickup points on 
numerous towers, and data presentation on 
punch cards, typewriters, calculator tapes, 
and the like. 
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Aerotec Electrical Precipitator Control 


This Aerotec precipitator control takes a 
look at voltage-current conditions 120 times 
per second! It makes adjustments at the 
same fast speed—so you always get peak 
efficiency. 


Developed by Aerotec Industries, this 
complete, compact unit operates on an en- 
tirely different basic principle of automatic 
control. It has proven itself in numerous 
installations by boosting power levels to 
give striking improvements in stack gas 
appearance. 


Monitors Optimum Power 120 Times Per Second 


Heart of the automatic packaged control 
is a pair of power thyratron tubes con- 
nected in inverse parallel. Results: Rapid 
monitoring with instant response... High- 
speed voltage adjustment... Quick cut-off 
that eliminates destructive arcing by 
quenching excessive sparking. 


If your problem is air pollution control, 
call on Aerotec Industries 30 years’ experi- 
ence in dust collection. Write for more 
information on mechanical, electrical or 
series collectors. 


AEFOTEC INDUSTRIES, INC. 


INDUSTRIAL DIVISION, DEPARTMENT U, GREENWICH, CONNECTICUT 


FAN-STACKS * BLOWERS * CURTAIN DAMPERS ° AIR PREHEATERS * MECHANICAL AND ELECTRICAL DUST COLLECTORS FOR 
INDUSTRIAL PROCESSES AND FLY ASH * GAS SCRUBBERS FOR CHEMICAL PROCESSES AND NATURAL GAS TRANSMISSION LINES 
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HYDRAULIC SCRUBBING TOWERS 
GIVE UP TO 99.9% COLLECTION EFFICIENCY* 


Dust-Fume Removal Problem? ... “BUFFALO” has the Economical Answer! 


Where air cleaning equipment 
is required to withstand high 
temperatures, sticky, corro- 
sive or abrasive dusts, fumes 
or gases in any combination, 
“Buffalo” Hydraulic Serub- 
bing Towers offer many 
important advantages. These 
compact, economical units 
provide high efficiency, plus 
the ability to stand up under 
the most severe conditions. A 
combination of centrifugal 
force, a finely atomized spray 
system and scrubbing against 
a wetted surface are utilized to 


give maximum effectiveness. 


SUCCESSFUL 
INSTALLATIONS 
INCLUDE: 


*Phosphate Rock Drying 
Operations — Installation of 
“Buffalo” Scrubbing Tower 
resulted in a collection effi- 
ciency of 99.9% plus. Before 
the installation, clouds of 


effluent obscured vision in the 


tests show the absolute clean- 
ing is now down to .06 grains 


per cu. ft. 


@ Lime Calcining Operations 
@ Control of Coke Breeze 


@ Manufacture of Chemical 
Alloys 


@ Fungicide Manufacture 


@ Electric Furnace Fumes 


4 


@ Sawing and forming 
gypsum board 


@ SOz or SO: problems 


If you have an air cleaning 
problem in your plant, con- 


tact your “Buffalo” Engineer- 


ing Representative today, or 
write us direct for literature. 
“‘Buffalo”” manufactures a 
complete line of air purifica- 
tion equipment, including: 
Gas absorbers, wet glass cell 
air washers, rotary multi- 
stage gas scrubbers, scrubber 


washers, static washers, hydro 


surrounding community. After installation, no trace volute scrubbers, cupola washers, multi-cyclone dust 
of contaminant was present in the outlet stack. Careful collectors and hydraulic scrubbing towers. 


BUFFALO FORGE COMPANY 
BUFFALO, N. Y. 
Buffalo Pumps Division e Buffalo, N. Y. 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 
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In 
St. Louis, 
Missouri 


A.1.S.1. SAMPLER measures suspended 
particulate matter in the atmosphere 
with minimum time for servicing 


St. Louis is one of the outstanding cities that 
have cleaned the atmosphere, and continu- 
ously monitor it to keep it that way. 

The city has been using A.I.S.I. Samplers 
since August 1953, and has found that they 
require only a few minutes of a man’s time 
a day. In fact, according to J. H. Carter, 
St. Louis Commissioner Smoke Regulation, 
“the A.I.S.I. Samplers often operate for sev- 
eral days at a time without attention.” 


* 


* * 


More and more communities are becoming 
aware of the danger in polluted air, and are 
establishing measuring and control systems to 
combat it. Is your community one of them? 

With the A.I.S.I. Sampler you can sample 
atmosphere automatically at intervals of %, 
1 or 2 hours, 24 hours a day . . . and the low 
cost of the A.I.S.I. Automatic Smoke Sampler 
makes it feasible to locate a large number of 
them for complete coverage of a geographical 
area. Its quietness overcomes any objections 
to its location in or near homes. 

Descriptive bulletins on the A.I.S.I. Smoke 
Sampler and the Hydrogen Sulfide Sampler 
(which continuously monitors atmospheres 
having a house paint blackening potential) 
are available without obligation; and also 
data on the Spot Evaluator with which the 
spot samples are evaluated. 


RESEARCH APPLIANCE COMPANY 


Box 307, Allison Park, Pa. 
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Epidemiological ASPECTS OF Air Pollution* 


JOHN R. GOLDSMITH, M.D. and LESTER BRESLOW, M.D., Bureau of Chronic Diseases, California State 


of acute diseases 
has led to effective prevention of such 
diseases as cholera and_ smallpox. 
These achievements allow us to live to- 
gether in great metropolitan complexes 
like Los Angeles, free from the very 
great toll formerly taken by premature 
death. 

Life in a modern city brings with it 
new health challenges. These new 
health problems, including mental 
health, aleoholism, chronic disease, air 
pollution, and exposure to the by-prod- 
ucts of newly harnessed energy forms, 
such as radiation, have brought forth a 
new emphasis in public health, and a 
new concern with air, comfort, and en- 
joyment of our longer life span. In 
these areas as in traditional ones also, 
epidemiology is the basic fact-finding 
tool of public health. 


If it were feasible to expose people 
experimentally to all kinds and con- 
centrations of air pollutants, there 
would be less need for air pollution 
epidemiology. This is not possible, so 
investigation must be made of naturally 
occurring human exposures to air 
pollution. Natural air pollution ex- 
posures are the raw data of the air pollu- 
tion epidemiologist; the meticulous 
classification, analysis, and comparison 
of these data is his operating procedure. 
Finally air pollution epidemiology is 
concerned with groups of persons, and 
their reaction to air pollution exposures; 
it is not so greatly concerned with reac- 
tions of single individuals. 

Just as epidemiology led to methods 
for control of water-borne disease before 
bacteriology permitted the accurate 
diagnosis of them, so it is hoped that 
epidemiology may assist in the control 
of the health effects of air pollution even 
before it is possible to diagnose a disease 
caused by air pollution. 

The studies to be described are con- 
cerned with how air pollutants damage 
the health of groups of people. Several 
basic problems recur in all of these 


* Presented at the Air Pollution Control 
Association Meeting, June 22, 1959, 
Hotel, Los Angeles, Cali- 
ornia. 
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studies, the accurate description of the 
groups of people to be studied, the 
definition and measurement of air 
pollution, the detection and measure- 
ment of effects possibly related to air 
pollution and the clarification of any 
relationship between these effects and 
air pollution. 

The importance of air to health may 
easily be overlooked. Each day we 
bring into our lungs for equilibration 
with the blood, some 30 pounds of air, 
compared with our daily exchange of 
five pounds of water and less than four 
of food. Man can survive about five 
weeks without food, about five days 
without water, but only about five 
minutes without air. 

A start was made in California by 
reviewing what was known about air 
pollution effects and listing the types 
of effects which could be looked for, 
measured, and hopefully prevented. 
Five potentially measurable health 
effects of air pollution are now of con- 
cern: 

317 
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Department Public Health. 


Air pollution may cause acute sickness 
and death such as occurred in the 
Muese Valley, at Donora, and during 
the several London episodes. 

Air pollution may cause or aggravate 
chronic diseases such as chronic bron- 
chitis, emphysema, or lung cancer. 

Air pollution may cause interference 
with important bodily functions such 
as the exchange of gases in the lung or 
gas transport by the blood. 

Air pollution may cause adverse 
bodily symptoms such as eye irritation 
and difficulty in breathing. 

Air pollution, because it is unpleasant 
in many ways, may cause groups of 
persons to be dissatisfied with or leave 
their places of residence or work. 

In studies on the health effects of air 
pollution in California data has been 
collected about each of these possible 
effects, acute sickness or death, chronic 
or insidious disease, interference with 
bodily function, production of adverse 
symptoms, and instability of residential 
or work communities. 


DEATHS OF PERSONS 65 YEARS AND OVER 


AND MAXIMUM DAILY TEMPERATURE 


LOS ANGELES COUNTY, JULY |- NOVEMBER 30 


1955 


TEMPERATURE 


23 30 NOV.6 13 20 27 


Source: U.S. Weather Bureau. State of California, Department of Public Health, Death Records. 
Fig. 1 
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The work commenced in the fall of 
1954 at which time a series of air pollu- 
tion episodes in Los Angeles led people 
to ask whether “can this air pollution 
kill people?” That summer and fall 
three distinct smog episodes occurred. 
The daily number of deaths among per- 
sons over 65 did not appear to fluctuate 
in response to these episodes, nor did 
the total daily deaths, or the deaths 
due to cardiac or respiratory causes. 

In late August and early September, 
1955 there was a period of very high 
temperature both preceded and followed 
by smog. During the high temperature, 
the number of deaths rose, but with 
falling temperatures the number of 
deaths dropped despite continued high 
air pollution levels (Fig. 1). 

In a further attempt to assess the 
immediate mortality effect of air pollu- 
tion, the California State Department 
of Public Health has been obtaining 
since 1954 reports on daily deaths and 
transfers to hospitals among the 4000 
or so residents of nursing homes in 
Los Angeles with 25 or more beds. 
These persons are for the most part 
elderly and often in frail health. Ex- 
cept for the heat wave mentioned above, 
there has been no increase in mortality 
from this group which could be asso- 
ciated with air pollution (Fig. 2). In 
consultation with biostatistical experts 
we are working out methods for the 
separation of the effects of high temper- 
ature from the possible effects of air 
pollution. 

During the smog episodes in 1954 a 
probability sample of Californians were 
being interviewed about their health. 
There was no evidence that they experi- 
enced more sicknesses or hospitaliza- 
tions during the smog episodes. 

Acting on reports of physicians that 
patients with asthma were adversely 
affected by air pollution, our staff 
undertook a study of the possible 
relation of asthma attacks to air pollu- 
tion levels in Pasadena in the fall of 
1956. Investigation of 137 private pa- 
tients of a cooperating group of physi- 
cians for a period of 10 weeks, disclosed 
a very low positive association between 
asthma attacks and air pollution levels. 

Increasing frequency of two chronic 
diseases of the lung, lung cancer and 
emphysema of the lung, leads to ques- 
tions concerning the possible effect on 
them of air pollution. 


Lung cancer has a clear-cut causal 
relationship with cigarette smoking. 
Less well known is the fact that nation- 
wide the disease is more frequent in 
urban counties than in rural ones (Fig. 
3). Urban air pollution provides a pos- 
sible explanation. There are also a 
number of occupations which appear to 
be associated with lung cancer (Fig. 4). 

In California there are no important 
differences in lung cancer rates between 


NURSING HOME DEATHS, MAXIMUM DAILY TEMPERATURES AND SMOG ALERT DAYS 
LOS ANGELES COUNTY, CALIFORNIA, JULY, 1955 THROUGH DECEMBER, 1955 
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Fig. 2 


cities and rural areas, but we feel this 
may be due to the fact that so many 
Californians have migrated here from 
other states and from one part of the 
state to another. With the support of 
the American Cancer Society and the 
co-operation of the California Depart- 
ment of the American Legion, data on 
present and past residence, occupation, 
and smoking have been obtained on 
about 75,000 Legionnaires and 50,000 of 
their wives. A search is planned among 
the death certificates for all persons 
dying of lung cancer in California over 
the next five to 10 years to see how many 
people in various portions of this study 
group die of the disease. Thus one may 
find out what effect living in air polluted 
areas of the state may have on the lung 
cancer death rate. 

In the case of pulmonary emphysema 
the death rate in California increased 
fourfold in the period 1950 to 1957 (Fig. 


5). There are several possible explana- 
tions for this. Physicians may be giv- 
ing this diagnosis on death certificates 
rather than asthma or bronchitis, which 
are related disorders. Figure 5 sug- 
gests that this is not the case since 
there is no long-term fall in asthma and 
bronchitis. The people who died may 
have come here because they had the 
disease and wanted to live in a warm, 
dry, climate. They may be persons 
who survived other formerly fatal con- 
ditions such as tuberculosis or pneu- 
monia. These questions are now being 
explored by interviewing both physi- 
cians who cared for patients dying of 
these sicknesses, and the next-of-kin of 
the patients. It is necessary to know 
how the physician chose the diagnosis, 
what previous illnesses, occupations and 
residences the person had, how much 
smoking they did, and for those who 
moved here, whether they moved for 


THE ASSOCIATION OF LUNG CANCER WITH URBANIZATION 
OF COUNTY OF RESIDENCE 
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OCCUPATIONS WITH A HIGH LUNG CANCER DEATH RATE 


SS CONTROLS 


NUMBER OF INDIVIDUALS 


WELDERS BOILER- ORE 
MAKERS, EXTRACTION FIREMEN 


ASBESTOS 
Source: Breslow, et al. 


Fig. 4 


lealth or medical reasons. This in- 
{formation may shed some light on the 
possible relationship of air pollution to 
tne epidemiology of pulmonary emphy- 
sema. It is important to state here, 
too, that urban-rural differences exist 
nationwide for emphysema but do not 
so exist in California. 


Only recently has exploration begun 
in the study of the possible epidemio- 
logical use of measurements of lung func- 
tion as they relate to the air pollu- 
tion problem. It is assumed that irritat- 
ing air pollutants on being breathed 
will alter the airways in such a way as 
to increase the resistance to airflow. 
Several instruments for estimating maxi- 
mal rate of airflow are being compared in 
the effort to measure this property of 
lung function. 

Over a period of days we tested a 
large number of persons once, also ob- 
taining the age, sex, smoking, and occu- 
pational history necessary for their 
classification. For analysis of such a 
study it is necessary to assume that, but 
for air pollution exposure, all persons of 
same age, sex, smoking and occupa- 
tional groups should have the same test 
results. The study was undertaken last 
summer (1958) in Vernon, an industrial 
area in central Los Angeles County, at 
the time of an x-ray survey. About 
6500 persons were tested, during a time 
which was fixed in advance. Unfor- 
tunately there was little air pollution 
during the days our equipment and team 
were available, the maximum value 
being 0.18 ppm of oxidant (KI Method). 
We were unable to detect an effect of 
air pollution on lung function by the 
method used at that time. 


A second method used was to study | 


the same group of men repeatedly on 
days with varying air pollution. Dur- 
ing the late summer and fall of 1958, Dr. 
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N 
MARINE PAINTERS COMMERCIAL 
COOKS 


Charles Schoettlin studied at weekly 
intervals two groups of men at the 
Veteran’s Administration Hospital, 
West Los Angeles, one group had chronic 
lung disease, the second did not. The 
men in these two groups were matched 
for age and smoking history. The 
data are still being analyzed. 

In 1956 a portion of the California 
Health Survey was devoted to questions 
about air pollution. A_ probability 
sample one adult in each 2000 house- 
holds in California, was asked a number 
of questions about health and about the 
extent that air pollution affected them. 
The respondents were questioned con- 


cerning the presence of selected chronic 
deseases and conditions and what things 
they felt made them worse. They were 
also asked about their satisfaction with 
their home community and with their 
job. Those who said they were dissatis- 
fied were asked the reasons for being dis- 
satisfied. All these questions were put 
to the person interviewed before there 
was any mention of interest in smog or 
air pollution by the interviewer. 

In Los Angeles County, air pollution 
was spontaneously reported to make eye 
complaints worse by three persons out of 
four who had such complaints; asthma 
and nose and throat complaints were 
reported to be made worse by air pollu- 
tion in half, followed by sinus in two out 
of five, hay fever in three out of ten, 
bronchitis, shortness of breath and bad 
headaches each in about one person in 
five who had the condition. 

In answer to the question in the 
California Health Survey—‘‘Taking 
everthing into consideration, how satis- 
fied are you now with living in 
(community), are you 
very satisfied, somewhat satisfied or not 
satisfied at all?’ One person out of 
five in Los Angeles answered that they 
were only somewhat or not at all satis- 
fied, and when asked, ““What don’t you 
like about it?” One person out of four 
reported air pollution as the reason com- 
pared to one person in five reporting 
personal reasons, 2nd one person out of 
eight reporting community dissatisfac- 
tion because of financial reasons. Of 
the dissatisfied group almost half re- 
ported that they were thinking of 
moving. 


DEATH RATES DUE TO SELECTED RESPIRATORY DISEASES 


CALIFORNIA 
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Source: State of California, Department of Public Health, Death Records. 
Fig. 5 
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Remember that these questions about 
health effects and community satisfac- 
tion were asked before the interviewer 
had mentioned air pollution as such. 
The answers therefore represent spon- 
taneous reactions to air pollution, 
not stimulated by direct questions 
about air pollution. 

When finally the question—“Lately, 
there has been a lot of talk about air 
pollution, such as dust, smog, smoke, 
etc.; in your community does air pollu- 
tion (smog) bother you very much, some, 
or not at all?” Two out of three of 
those interviewed in Los Angeles County 
reported being bothered (Fig. 6). 

When asked, “How does it bother 
you?” Nine out of 10 persons bothered 
in Los Angeles reported eye irritation 
with or without some other symptom. 
In 1958 these same questions were again 
asked of a statewide sample, with no im- 
portant differences from 1956 in the pro- 
portion bothered by air pollution in any 
area. About 10 per cent of those both- 
ered by air pollution reported that it 
gave them difficulty in breathing. Al- 
though this proportion may seem low it 
represents close to 300,000 adult persons 
in the state’s population. . 

When asked in the 1956 survey ‘“Have 
you been thinking recently of changing 
your job?” “Allin all, how satisfied are 
you with your job, very satisfied, some- 
what satisfied or not at all satisfied?” 
About one person out of 15 in Los 
Angeles indicated they were thinking 
about a job shift even though satisfied 
and one person in five indicated they 
were not very satisfied, of whom almost 
half were thinking of changing jobs. 
But of those two-thirds of respondents 
in Los Angeles who reported being 
bothered by air pollution about twice as 
many were thinking about changing 
jobs as among the one-third not 
bothered. 

Our philosophy is well expressed by 
the following quotation: “It should 
seem possible, by a set of well adapted 
experiments, accurately made, to dis- 
cover what are usually called the occult 
qualities of the air, and render them 
manifest to the senses. And if by this 
means, we could come at a tolerable 
knowledge of the effluvia, salts, and 
other heterogenous matters, wherewith 
the air at different times, and in differ- 
ent countries is replete, it might give us 
almost a complete knowledge of the 
nature of all epidemic diseases that 


*The entire works of Dr. Thomas 
Sydenham, newly made english from the 
originals to which are added explanatory 
and practical notes from the best medic- 
inal writers; with others by the transla- 
tor: by John Swan, M.D., London—R. 
Cave, 1763, pp. 9-10. (The quotation is 
from a note by the translator). 
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may arise for the future, provided due 
attention be given at the same time to 
the age, sex, constitution, manner of 
living, and so forth of the patient; all 
which circumstances being carefully 
considered and compared together, 
might probably direct to rational, fixed, 
and effectual methods of cure.’’* 

The newest aspect of California’s pro- 
gram in air pollution will draw heavily 
on epidemiology. The California State 
Department of Public Health has been 
given one of its most difficult tasks, the 
establishment of standards for air 
quality. The statute says in part 
“The standards shall be so developed as 
to reflect the relationship between the 
intensity and composition of air pollu- 
tion and the health, illness, including 
irritation of the senses, and death of 
human beings, as well as damage to 
vegetation and interference with visi- 
bility.” 

Almost the first problem in this task 
is to determine which group of persons 
is to be protected. To protect every 
last person from sensory irritation, his 
crops from damage, or his wife’s wash 
from any soiling might prove unreason- 
ably expensive. 

One basis now being considered for 
the standards is that they will be 
designed to protect the most sensitive 
group of persons in the community, and 
that these groups are to be defined ac- 
cording to age and medical criteria. 
This means that standards will be more 
strict than needed to protect the healthy 
adult male, (the responsibility of indus- 
trial hygiene standards) and perhaps 


Fig. 6 


less strict than needed to protect a 
desperately ill person, (the responsi- 
bility of the individual physician). 
Much of the work in air pollution 
epidemiology will in the future be based 
on detecting the most sensitive groups 
of persons in the population, and on 
determining their reactivity to various 
levels of air pollution. 

In summary epidemiological studies 

permit the following conclusions: 

1. There has been no convincing 
evidence that acute sickness or 
death has resulted from air pollu- 
tion in California. 

2. Lung cancer, chronic bronchitis, 
and emphysema are chronic dis- 
eases whose relationship to air 
pollution is being studied. 

3. Studies concerning the effect of 
air pollution on important bodily 
functions are getting underway; 
they are expected to provide a 
sensitive method of studying air 
pollution effects. 

4. Population surveys reveal that air 
pollution causes widespread and 
disturbing symptoms. 

5. Air pollution in Los Angeles has 
been the commonest cause of 
community dissatisfaction, and is 
given as a frequent reason for 
moving or change of employment. 

Air pollution is a threat to health 

including social health. Epidemiologic 
studies can provide a well rounded pic- 
ture of all of these effects, and thus a 
basis for their prevention through 
sound community planning and rational 
controls, 
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Graduate EDUCATION for Air Pollution CONTROL PERSONNEL 


E. R. HENDRICKSON, Ph.D Research Professor, College of Engineering, University of Florida, Gainsville 


Introduction 

From the beginning of the Industrial 
Revolution until fairly recently, the 
smoky pall which hung over many of 
tlie cities of the world was considered a 
sign of industrial progress. Automo- 
biles, which poured forth thousands of 
tons of exhaust gases daily, were looked 
on as evidence of the highest standard 
of living ever attained. In some pre- 
dominantly rural areas the agricultural 
industry and the chemical industry were 
in conflict over damages to crops al- 
legedly produced by air-borne dis- 
charges. When several community air 
pollution episodes resulted in death and 
extreme discomfort to large numbers of 
people, the public began to question 
this price being paid for ‘progress.”’ 
Could not this rapidly advancing tech- 
noloy apply some of its talents to pre- 
venting air pollution? Progress was 
found to be possible while still main- 
taining reasonably clean air and streams. 
A good start was obtained in cleaning 
up some of the “smoky”’ cities prior to 
World War II. More difficult areas, 
including some complicated by activities 
not known prior to World War II, are 
under continuing investigation. 

In order to solve the various facets of 
the air pollution problems in the world, 
the work of a number of disciplines has 
been necessary. Important work on 
various phases of the problem is being 
contributed by agriculturists, chemists, 
engineers, meteorologists, physicists, 
and physicians among others. Each of 
these disciplines contributes its share 
toward determining causes and effects, 
estimating dispersion patterns, design- 
ing control devices, and assessing the ex- 
tent of pollution. Experts in each of 
these areas contribute their special 
skills to the solution of part of the prob- 
lems. Each must learn a little of the 
work and sphere of knowledge of the 
other and, perhaps more important, 
each must understand and appreciate 
the problems of the other. An under- 

* Presented at the 52nd Annual Meet- 


ing of APCA, June 21-26, 1959, at the 
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standing must be developed in these 
various disciplines of the philosophy and 
interrelation of waste disposal prac- 
tices. 

There are only three possibilities for 
the ultimate disposal of the wastes from 
our communities and industries—land, 
water, and air. In some instances the 
elimination of pollution problems in one 
medium merely transfers them to an- 
other. For example, the incineration 
of rubbish to eliminate extensive dumps 
may result in pollution of the atmos- 
phere. The alleviation of atmospheric 
pollution by scrubbing stack gases and 
discharging the effluent to the nearest 
watercourse may result in stream pollu- 
tion. All waste disposal problems are 
thus interrelated and it is essential that 
those concerned with air pollution con- 
trol be familiar with disposal practices 
in other media. 

In speaking of stream pollution you 
have frequently heard the statement 
“dilution of pollution may not be the 
solution.”” The same might be said to 
be true in the case of air pollution prob- 
lems. There are a number of similari- 
ties between the two. The atmosphere 
has an unknown but not unlimited 
capacity to disperse air-borne materials. 
As in the case. of streams, some areas are 
not so favorable for the dispersion of 
gases and aerosols as are others. A 
single source of pollution in the area 
may be satisfactory and result in no 
problem, but more of the same or similar 
types may overload the atmosphere. 
It is felt, therefore, that control of air 
pollution is ultimately an engineering 
problem. All of the other disciplines 
previously mentioned are involved to a 
considerable extent, but once the mate 
rial gets into the air little can be done 
about it. Emissions must be con- 
trolled at the source to such an extent 
as to limit undesirable concentration. 
For this reason and because most of the 
existing graduate courses in air pollu- 
tion control are intended for engineers, 
this discussion will be concerned pri- 
marily with graduate training for en- 
gineers in this important area of work. 


Demands for Special Training 


Most of us who are presently engaged 
in research and investigation in air 
pollution have had no specialized train- 
ing. Apparently most of these scien- 
tists and engineers, however, have been 
well educated in the basic sciences and 
certain applied sciences. As the control 
of air pollution has become more critical, 
it has been necessary for persons with a 
variety of backgrounds to grasp spe- 
cific applications by experience or by 
educated trial and error. In the early 
stages of air pollution control, some of 
the results were amazingly successful 
while others were tragic. Public de- 
mands for air pollution control programs 
have grown explosively in the last two 
years. During the last major legisla- 
tive year, control legislation was intro- 
duced in the legislature of more than 20 
states. Numerous cities and counties 
of all sizes have passed appropriate 
ordinances setting up control agencies. 
Unfortunately, the public expects re- 
sults in a relatively short time. These 
requirements, along with the numerous 
research and development activities, 
have resulted in a tremendous demand 
for trained personnel. In order to 
produce the quickest results in the short- 
est period of time, it appears that 
special training is desirable. 

Anticipating this demand, the Public 
Health Service has supported the de- 
velopment of graduate programs em- 
bodying specific courses in many phases 
of air pollution at several universities 
in the country. At the present time 
such curricula are established at the 
Universities of California, Cincinnati, 
Florida, Harvard, Michigan, Minnesota, 
North Carolina, Pittsburgh, Rutgers, 
Washington, and Georgia Tech. Most 
of these programs involve work leading 
to a graduate degree. Some institu- 
tions offer special concentrated courses 
which may or may not be used in a de- © 
gree program. These have been offered 
by Columbia, Massachusetts Institute 
of Technology, and New York Uni- 
versity. Most of the courses have been 
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developed in conjuction with depart- 
ments of sanitary engineering. Some 
of them are under the administrative 
control of graduate schools and others, 
of schools of public health. 

The information to be reported in 
this paper resulted from questionnaires 
sent to the program directors at each 
institution where the author had knowl- 
edge of special courses in air pollution 
control. Some of this work was under- 
taken as part of his duties as Chairman 
of the Task Force on Education, Com- 
mittee on Atmospheric Pollution of the 
American Society of Civil Engineers. 
Specific programs and courses will not 
be described because this information 
can be obtained in more recent form 
from the individual institutions. The 
author was drawn liberally on the phi- 
losophy stated by the respondents to the 
questionnaires. From these can be 
drawn conclusions regarding the types 
of curricula which it is desirable to offer 
in order to meet the immediate and 
future needs for air pollution personnel. 

Consideration of problems of provid- 
ing graduate education for air pollution 
control personnel reveals two areas 
where difficulty is experienced in de- 
veloping new courses: 


1. The type of training most suit- 
able. 

2. The administrative problems of 
the institution. 


Type of Training Desirable 


Whether from the point of view of an 
industry, control agency, or research 
agency, the engineering training desir- 
able for control personnel embodies the 
features commonly found in sanitary, 
chemical, and mechanical engineering 
curricula, The sanitary engineer has 
a reasonable background in chemistry, 
an appreciation of the interrelationships 
of waste disposal practices, and the 
knowledge of the effects of environ- 
mental factors on human health. The 
chemical engineer has a better back- 
ground in chemistry, and a knowledge 
of unit processes. The mechanical 
engineer has special knowledge about 
combustion processes and instrumenta- 
tion. All of these lines of training, 
however, fall short in meteorology, 
physiology, and toxicology. All mod- 
ern engineering curricula appear to be 
adequate in the basic sciences with the 
possible exception of chemistry. 

Since existing undergraduate curricula 
are already overcrowded, the logical 
conclusion must be drawn that any 
special training should be in the form 
of a series of graduate courses whether 
or not they lead to a degree. As 
pointed out previously, the basic train- 
ing of sanitary engineers, chemical en- 
gineers, and mechanical engineers seems 
to be most suitable for advanced study 
in air pollution control, while at the 
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same time complicating the problem of 
program design. All of them have 
somewhat different backgrounds and 
all of them have some deficiency which 
must be made up. These three fields 
of engineering constitute by far the 
largest number of students presently 
engaged in advanced training of the 
type described. Because of their varied 
preparation, it is essential to bring them 
all to some common level by means of 
“background” courses. With the pos- 
sible exception of some sanitary en- 
gineers, all of them need training in 
toxicology and physiology and all need 
training in meteorology. Sanitary and 
mechanical engineers should have chem- 
istry courses carrying them through 
physical chemistry and should develop 
an understanding of unit processes. 
Chemical and mechanical engineers 
need to develop an appreciation of pollu- 
tion control problems plus liquid and 
solid waste treatment practice. Sani- 
tary and chemical engineers should have 
additional training in combustion proc- 
esses. At some stage in their training, 
all of the students would receive special 
training in problems peculiar to air 
pollution control. 

The development of a program em- 
bodying features just described may be 
different for each different institution. 
Some of the most difficult development 
problems are administrative in nature. 


Institutional Problems 


Since it appears essential that the 
type of training under consideration be 
given as part of a graduate program, the 
curricula traditionally will be adminis- 
trated by a graduate school or a school 
of public health. Most graduate 
schools have traditional and frequently 
inflexible regulations concerning ad- 
ministration and the organization of a 
degree program. Schools of public 
health appear to be somewhat less rigid 
in this respect. Many graduate schools 
require thet a program be taken in 
major and minor fields of study. The 
major field of study is usually in a single 
administrative unit such as a depart- 
ment or college. This frequently com- 
plicates development of a schedule of 
courses for an individual student by ex- 
cluding some desirable courses from his 
major or minor field because they are 
not given in a certain department and 
requiring that these courses be taken as 
foundation without any credit toward a 
degree. 

Another administrative difficulty en- 
countered in most institutions involves 
the sequence arrangement of courses 
resv'ting in the requirement of pre- 
requisites. The requirement that a 
student have certain prerequisites is 
essential to the educetion process, in- 
suring a logical sequence of learning 
with each new subject based on a firm 
foundation. This frequently makes it 


difficult to schedule a series of courses 
in proper sequence within a given period 
of time. Since it is not the intention of 
a program of this type to merely train 
technicians, it is important that the 
students know the why as well as the 
how. The system of prerequisites does, 
however, introduce one further com- 
plication in attempting to provide 
training in a special area such as air 
pollution control for persons who have 
not received their baccalaureate degree 
in a similar fleld of endeavor. For 
example if a program of this type is ad- 
ministrated in a graduate department 
of sanitary engineering, a student with 
a Bachelor’s degree in chemistry could 
possibly not enroll. It is usually pos- 
sible, however, for him to enroll in the 
chemistry department for graduate 
training and take the special courses :.s 
part of a minor. 

Difficulties in scheduling frequently 
create problems for the student at- 
tempting to complete a Master’s degree 
in one year. Thisis especially true if he 
enters in the middle of a sequence of 
courses, such as the beginning of the 
second term. Most institutions of 
higher learning are experiencing a 
shortage of personnel, funds, and space 
and are thus limited in their ability to 
schedule special courses every term. 

Because of the variety of subject 
material required in a special training 
program for air pollution control, it is 
essential that some of these administra- 
tive problems be resolved. In the 
institutions previously mentioned, in 
both graduate schools and schools of 
public health, they have been resolved 
to a great extent. The institutions 
have cut across lines of tradition and 
set up well-rounded programs with a 
minimum of scheduling difficulty. This 
is despite the fact that a variety of dis- 
ciplines may be represented among en- 
tering students. Usually a single de- 
partment serves as the administrative 
core which awards the degree, but the 
resources of a number of departments 
contribute to the success of the over-all 
program. 


Existing Course Work 


Questionnaires were sent to all 
accredited institutions known by the 
author and the Air Pollution Program 
of the Public Health Service to be 
offering courses in various phases of 
air sanitation. Replies were received 
from those institutions previously listed. 
The questionnaires were designed to 
determine specific courses available 
at each university, the level of those 
courses, the departments involved, 
the degrees granted, and the general 
philosophy concerning the course offer- 
ings. In all cases the courses in air 
pollution control were part of a degree 
progrem, although in some instances 
the courses were available to qualified 
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persons not working for a degree. At 
a relatively few institutions, courses 
were scheduled for the convenience of 
non-degree students. Qualification as 
a graduate student was required in 
most institutions, but in several the 
courses were available under special 
conditions to advanced undergraduates 
of high standing. In no _ instance, 
would a Master’s or higher degree be 
granted, based entirely on work in air 
pollution courses. 

All of the institutions expressed the 
philosophy that it was undesirable 
to merely train technicians in these 
programs. It was felt that the institu- 
tions of higher learning should direct 
their efforts toward the training of pro- 
fessional specialists in the area of en- 
vironmental hygiene or sanitary engi- 
neering. In this context, sanitary engi- 
neering is given the broad definition 
adopted by the National Research 
Council in 1954. Training is usually 
offered in the broad aspects of sanitary 
engineering, supported by advanced work 
in the basic sciences, and with special- 
ized air pollution courses as applicable. 
in general this philosophy follows that 
adopted by the Conference on Educa- 
tion, Training, and Utilization of San- 
itary Engineers conducted by the Na- 
tional Research Council in 1957. In 
uearly all instances reported, the pro- 
gram is administered by a department 
which might be broadly described as 
sanitary engineering. Although most of 
the courses are intended for engineers, 
non-engineers can qualify at many of 
the schools. 

In reviewing the returned question- 
naires, a number of specific subjects 
in the field of air pollution control 
became evident. Eight institutions re- 
portedly offered courses in the general 
principles of atmospheric pollution. 
Eight offered special courses in the 
control of air pollutants and eight 
offered courses dealing with air pollu- 
tion sampling and analysis. The eight 
were not the same in all cases. Six of 
the institutions reported offering 
courses in meteorology with several of 
them having two courses in this area 
and one university offering three 
courses. Field experience in all phases 
of air pollution control was specifically 
designated by a course title in four 
institutions. Four of the departments 
reported special courses in toxicology 
of air pollutants. Nearly all of those 
reporting had additional courses in 
the fields of industrial hygiene, environ- 
mental sanitation and public health 
engineering which had a direct bearing 
on matters appropriate to air hygiene 
but which were not specifically desig- 
nated as such. 

As far as could be determined, the 
eight departments reporting a course 
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in the general principles of air pollu- 
tion offered similar material. In gen- 
eral the courses served as an intro- 
ductory study of the atmosphere as a 
place of disposal for certain industrial 
and community effluents. The usual 
subject material covered included 
sources of pollutants, effects of air pollu- 
tion, classification of wastes, the ef- 
fects of micro-meteorological factors 
on dispersion, problems of sampling 
and analysis, and discussion of abate- 
ment programs. This format varied 
somewhat from one institution to an- 
other, but in general followed the same 
pattern. 

Courses in the control of pollutants 
also tended to follow a typical pattern. 
They were mainly concerned with 
the theory and application of methods 
and devices to control emissions from 
industrial unit processes and air-borne 
community effluents. 

Air pollution sampling and analysis, 
which war reportedly offered by eight 
of the institutions, generally considered 
the theory and practice of sampling 
and analysis of air-borne materials. 
The material usually covered the special 
techniques and problems encountered 
in obtaining representative air samples 
in the free atmosphere and in ducts. 
Special physical, chemical, and biolog- 
ical techniques of analysis as well as 
available instrumentation were also 
considered. 

A number of different approaches are 
being used for special courses in micro- 
meteorology. general, however, 
a comprehensive review is made of 
meteorology and the physics of the 
lower atmosphere as they effect the dis- 
persion of gases and aerosols. At 
some institutions, depending on the 
personnel and facilities available, spe- 
cial courses age given in diffusion 
theories and empirical approaches plus 
consideration of applicable meteoro- 
logical techniques as applied to air 
pollution problems. In others, these 
subjects are covered in the basic course. 

Time does not permit a discussion 
of each of the various applicable 
courses at the institutions described. 
A great variety of them are avail- 
able under numerous course titles and 
departmental designations. Some of 
the departments have initiated no new 
courses to cover this new area of en- 
deavor, depending on modification of 
existing courses to serve the purpose. 
The majority, however, have developéd 
two to six new, specific courses intended 
to strengthen an existing program with 
this new facet of environmental hy- 
giene. 


Conclusions 


Considerable pressure has been placed 
on institutions of higher learning in 


recent years by industry, by control 
agencies, and by research institutions 
to develop specialists in many phases 
of air sanitation in a relatively short 
period of time. Unfortunately each 
group feels that different requirements 
must be satisfied. To meet the various 
demands, dozens of new courses would 
have to be initiated at each institution. 
Graduates of courses of this type 
would be very highly specialized in a 
very narrow field of knowledge. The 
desirability of this condition is doubt- 
ful. It is questionable whether a 
pay load for the courses could be ob- 
tained and it is doubtful that the grad- 
uates of such programs would be of any 
real value. It is my personal opinion 
that the institutions presently providing 
specialized training in the field of air 
pollution control are doing a good job 
and in the proper manner. In the long 
run, graduates of such programs will 
be of more value both in air pollution 
control and in related activities. If 
experience proves the necessity for 
additional specialization, the demand 
will undoubtedly be met. 

Many of the departments involved 
have done an excellent job in cutting 
through some of the undesirable red 
tape of tradition and co-ordinating the 
contributions of various teaching and 
research units. For some of the uni- 
versities, this has been accomplished 
for the first time. 

Teachers of some of the new courses 
in air sanitation find a great deal of 
similarity with some of the subject 
matter they teach in the more tradi- 
tional sanitary engineering courses. 
For example, the theory of a small 
particle settling in air and water is the 
same. Only the fluid viscosities and 
densities are different. Design of cer- 
tain types of equipment is based on the 
same principles whether water or air is 
the carriage medium. It is possible 
that these realizations may eventually 
revolutionize the teaching of sanitary 
engineering subjects. The demand for 
specialized courses in air hygiene may 
thus be responsible for a new approach 
to teaching the engineering phases of 
environmental sanitation. 
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PARTICULATE Pollutants IN THE Air OF THE United States* 


The National Air Sampling 
Network is comprised of sampling 
sites in selected cities and nonurban 
areas throughout the United States and 
its Territories. The primary objective 
of the Network is to obtain information 
on the nature and extent of air pollution 
over the United States, which may be of 
value in evaluating the over-all problem 
and in plenning more detailed studies. 
As such, the Network is not intended to 
substitute for intensive community air 
pollution monitoring, rather, the Net- 
work should stimulate such local activ- 
ities. In line with the purpose of the 
Network and in order to give more com- 
plete coverege of the United States, 
sampling is limited to a single site in a 
given area. An additional limitation 
is placed on the collection of samples, in 
that at each site one 24-hour air sample 
is collected each two-week period. 

In operation since 1953, the National 
Air Sampling Network has collected 
a large quantity of data concerning the 
concentrations of suspended particulate 
air pollutants in the United States. A 
summary report of all data collected 
through 1957 was published in Novem- 
ber, 1958.1 The report is essentially 
a tabulation of data with only a mini- 
mum of explanation or interpretation. 
This paper reports the results of statis- 
tical analyses of the suspended particu- 
late data contained in that report, as 
well as of additional data collected in 
1958 and it treats in succession three 
major topics: 

(1) Establishment of the mathemat- 
ical form of the distribution of particu- 
late levels. 

(2) Discussion of parameters which 
may be used to define these distribu- 
tions. 

(3) Use of these descriptive param- 
eters in drawing conclusions as to 


* Presented at the 52nd Annual Meet- 
ing of the Air Pollution Control Associa- 
tion, Statler-Hilton Hotel, Los Angeles, 
Calif., June 21-26, 1959. 


CHARLES E. ZIMMER, ELBERT C. TABOR, ond ARTHUR C. STERN, 
Air Pollution Engineering Research, Robert A. Taft Sanitary Engineering Center, 
Public Health Service, United States Department of Health, Education, and Welfare, Cincinnati, Ohio 


the suspended particulate pollution in 
the air of the United States. 


Mathematical Form of the 
Distributions 


Generally, a statistical analysis of 
sampling data presupposes knowledge 
of the theoretical distribution function 
of the universe from which the sample 
was selected. One of the most frequent 
assumptions made by the investigator 
is that the observations are drawn from 
a population which can be described by 
a normal or Gaussian function, i.e., 
the familiar symmetrical bell-shaped 
curve. Two reasons for this assump- 
tion are that (1) many distributions have 
been found to be approximately normal 
and (2) the mathematics of sampling 
from a normal population have been 
highly developed. Also, special prob- 
ability graph paper is available on 
which the cumulative frequency func- 
tion of a normal population plots as a 
straight line. This characteristic of a 


normal population provides a_ 
method for testing a distribution to 
determine its approximation to normai. 

When the cumulative frequency dis- 
tributions of suspended particulate 
levels for all urban and nonurban sites 
for 1957-58 are plotted on normal prob- 
ability paper (Table I, Fig. 1), the 
result is obviously not a straight line. 
For both distributions there is definite 
upward curvature to the points plotted. 
implying a skewness (i.e., a long tail) to 
the right. This skewness suggests a 
possible transformation resulting in a 
newly formed variable which would 
itself be approximately normally distrib- 
uted. When the cumulative frequency 
distributions are plotted on logarithmic 
probability paper (Fig. 2), the results 
do appear to be linear. It has been 
found that, in general, the concentra- 
tions of particulate matter appear to be 
log-normally distributed, i.e., the log- 
arithms of actual concentrations are 
nearly normally distributed. 
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% OF SAMPLES EQUAL TO OR LESS THAN STATED MICROGRAMS PER CUBIC METER 


Fig. 1. Cumulative frequency distributions. Suspended particulate matier. All urban and nonurban 


stations. Arithmetic probability plot. 


1957-1958. 


Journal of the Air Pollution Control Association 


nor 
dat: 
Pric 
wee 
at | 
195 
a re 
the 

eac] 
Due 
met 
nor! 
Pea 
met 
Eve 
but 
size 


Ta 
st 
Urb 
Nor 
a 
Mir 
Tan 
Exs 
Hor 
a 
: d 
I 
dist 
ulat 
Hoy 
2 re 
cult 
a 
nor 
esti 
freq 
pro| 
stra 
or § 
by 
A 
mer 
larg 
mat 
‘ rout 
to a 
240 F 
220 
200 
180 
. 160 70 
: 140 URBAN 4 
5340 SAMPLES 
NONURBAN 
vs 120 1252 SAMPLES 50 
100 
80 30 
dep 
res 
60 20 
T 
trib 
sam 
54 
mal 
Nov 
136 


WONURBAN ug/m? 


Table I—National Totals 1957-58, Suspended Particulate Levels (ug/m*) 


requency Distribution—Percent 


No. of 


Stations Samples Min. 


10 20 30 40 50 60 


70 80 90 Max. 


5340 11 53 68 
1252 


Urban 
Nonurban 


96 112 129 151 181 236 978 
27 32 37 44 56 71 460 


Table Il—Annual Site Distributions of Suspended Particulate Levels Showing 
Departure from Log-Normal (1957 Data) 


Frequency 


No. of 
City Samples Min. 


40 70 80 90 Max. 


Minneapolis? 26 
Tampa? 26 
Exst Orange® 20 
Honolulu? 26 


94 y 135 164 193 722 
70 . 8 94 100 168 
72 158 179 228 366 
39 48 58 76 87 


“ Slight skewness. 

» Peaked kurtosis. 
kurtosis. 

“ Extreme skewness. 


It is not reasonable to suppose that all 
distributions of concentrations of partic- 
ulate matter will be exactly log-normal. 
However, slight departures from normal 
are acceptable and present no real diffi- 
culty in a statistical analysis. Whether 
a given frequency distribution is log- 
normal is commonly decided by visual 
estimation, i.e., points of the cumulative 
frequency distribution plotted on log- 
probability paper appear to be on a 
straight line. It is possible to reinforce 
or supplant this qualitative estimation 
by tests of normality which yield nu- 
merical measures. In the study of a 
large number of distributions the mathe- 
matical tests are more practical, as the 
routine computations may be delegated 
to an electronic computer. 

For the mathematical tests for log- 
normality in this study, annual site 
data for the years 1953-57 were used. 
Prior to 1957, sampling was done on a 
weekly basis at most stations and daily 
at a few stations. Since January 1, 
1957, sampling has been carried out on 
a random schedule? which provides for 
the collection of one 24-hour sample in 
each two-week period (26 per year). 
Due to the sample size, ordinary 
methods for testing the departure from 
normal’ are inadequate. Geary and 
Pearson,‘ however, provide a modified 
method for samples fewer than 100. 
Even this test fails to detect anything 
but gross differences when the sample 
size is less than 20. The discussion of 
departure from normal is, therefore, 
restricted to a sample size of 20 or more, 

There were 233 such annual site dis- 
tributions for which the number of 
samples was 20 or more. Of this total, 
54 deviate significantly from log-nor- 
mal, according to criteria defined in the 
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Geary and Pearson paper. Closer in- 
vestigation reveals that 29 of the 54 
show skewness to the right or left, which 
is the result of either one extremely high 
or low value. This type of non-normal- 
ity is not evident from the graph of the 
deciles on log-probability paper, as 
illustrated by the Minneapolis data 
(Table II, Fig. 3) in which case the max- 
imum is 722 compared to a 90% value 
of 193 ug/m*. For distributions of this 
type the exclusion of the extreme value 
results in the acceptance of the hypothe- 
sis of log-normality. This form of depar- 


ture from normal does not invalidate the 
use of ordinary statistical tests. In 
fact, if the standard geometric deviation 
is estimated from the probability plot, 
the effect of the one extreme value is 
minimized. 

For nine distributions, the departure 
from normal is in the form of peaked 
kurtosis, i.e., there are a large number of 
values near the center and a small 
number near the extremes of the distri- 
butions. Again, this type of nonnor- 
mality is not evident from the plots 
of the deciles on log-probability paper 
as illustrated by the Tampa data (Fig. 
3). These distributions are character- 
ized by a minimum appreciably less 
than the 10th percentile and a maximum 
appreciably greater than the 90th 
percentile. Again, no serious discrep- 
ancy will result if these are considered 
as log-normal. Estimating the stand- 
ard geometric deviation from the prob- 
ability plot will again tend to minimize 
the effect of this type of nonnormality. 

The balance of the 54 distributions 
in question, only 16 (Table III) out 
of the 233 involved, exhibit evidence 
of nonnormality of types that can re- 
sult in incorrect conclusions in making 
significance tests or predictions. Fortu- 
nately, these distributions are small in 
number (less than seven percent of the 
total) and are usually easily detected 
when the cumulative frequency distri- 
butions are plotted on log-probability 
paper (Fig. 4). The distribution for 
Honolulu shows a type of pronounced 
skewness caused by a number of values 
differing greatly from the geometric 
mean. Nonnormal distributions of this 
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Fig. 2. Cumulative frequency distributions. Suspended particulate levels. All urban and nonurban 


stations. Logarithmic probability plot. 


1957-1958. 
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% OF SAMPLES EQUAL TO OR LESS THAN STATED MICROGRANS 
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Fig. 3. Cumulative frequency distributions. Suspended particulate levels. Slight departure from log- 


normal. 1957 data. 


type are characterized by an upward 
curvature of the plot on log-probability 
paper. Another group of distributions 
exhibits kurtosis in the form of flatness, 
ie., the values are spread over a consid- 
erable range. Distributions with this 
type of nonnormality show up as an 
“S” curve on log-probability paper, as 
for example, the data for East Orange 
(Fig. 4). These two forms of departure 
from normal may affect the reliability 


of statistical tests based on normal 
theory. 

In the light of the test for normality 
it seems plausible to conclude that, in 
general, concentrations of particulate 
matter are log-normally distributed. 
When statistical analyses are performed 
on specific distributions, the degree of 
departure from normal should be esti- 
mated by plotting the cumulative fre- 
quency distributions on log-probability 


= 


8 83888 


Ss $8 3888 


0.01 0.10.20.5 1 2 5 10 
% OF SAMPLES EQUAL TO OR LESS THAN STATED MICROGRAMS PER CUBIC METER 


20 30 40 50 60 70 8 90 95 98 99 99.899.9 99.99 


Fig. 4. Cumulative frequency distributions. Suspended particulate levels. Significant departure from 


Table Ill—Annval Site Distributions 
Showing Extreme Deviation from 
Log-Normal 


Station Site Year 
1955 & 1957 
1954 


1954 
1955 & 1956 
1954 


1957 
1956 & 1957 
1955 
1956 
1957 
1954 
1957 
1956 


Anchorage, Alaska 
Berkeley, Calif. 
Charleston, W. Va. 
Charleston, W. Va. 
Chattanooga, Tenn. 
East Orange, N. J. 
Honolulu, Hawaii 
Philadelphia, Pa. 
San Leandro, Calif. 
Scranton, Pa. 
Tampa, Fla. 
Waimanalo, Hawaii* 
Youngstown, Ohio 


2 Nonurban station. 


paper. This estimate will serve to 
indicate the reliability of the analysis. 
Descriptive Parameters 


The equation of the log-normal dis- 
tribution is: 


N (log — log X,)? 
log o, 2 log? a, 


where 


x = a constant, approximately 
3.1416 
e a constant, approximately 
2.7183 
= a parameter, called the standard 
geometric deviation 
a parameter, called the geo- 
metric mean 
the abscissa, or a measurement 
on the x axis of some variable 
like the concentration of 
suspended particulate 
y = the ordinate, corresponding to 
the frequency of an assigned 
value of x 
N = the total number of observa- 
tions of the variable. 


From this equation, it is apparent that 
a log-normal distribution may be de- 
scribed by two parameters—the Geo- 
metric Mean (*,) and the Standard Geo- 
metric Deviation (¢,). These two pa- 
rameters may be computed directly from 
the raw data using methods described 
in any statistical text.’ It is also possi- 
ble to estimate these parameters from a 
plot of the cumulative frequency distri- 
bution in the form of deciles as listed 
in Reference 1. 

To better understand the procedure 
involved in making these estimates, 
it is perhaps wise to refer briefly to nor- 
mal distribution theory. Since the 
normal curve is symmetrical, the mean 
and the median (i.e., the 50th percentile) 
coincide (Fig. 5). Also, if the area under 
the normal curve is assumed to be unity, 
it can be shown that 0.6826 of this area 
is contained in the interval %, + gy, or 
that 0.8413 of the area lies to the left of 
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Fig. 5. Normal distribution curve. 


Table IV—Deciles and Normal Deviates 


Deciles 10 20 30 


Normal 
deviate —1.282 -—0.842 —0.524 


40 50 «60 70 80 90 
—0.253 0 0.253 0.524 0.842 1.282 


Table V—Comparison of Geometric Means and Standard Geometric Devia- 
tions Computed from Original Data and from Nine Deciles 


Geometric Mean 
Nine Percent 
Deciles Difference 


No. of Original 
samples Data 


Standard Geo-deviation——— 
Original Nine Percent 
Data Deciles Difference 


—0.9 
0 


| 
once 


0 
2 
2. 
0. 
0 
1 
0 
0 
3 
4 
0 
0 
2. 
3. 
0 
1 
3 
2 
1 


MONO 


—3.6 
4. 


Re RONAN 


+ o,. Therefore, theoretically, it is 
possible to compute the standard devia- 
tion as the difference between the 
50.00% and 84.13% points of the cumu- 
lative frequency distribution. For log- 
normal distributions the geometric mean 
is equal to the 50th percentile. The 
standard deviation of the logarithms is 
the difference between the log of the 
values at the 84th and 50th percentile 
points. Upon taking antilogs, the 
standard geometric deviation is merely 
the ratio of the concentration at the 84th 
percentile to the concentration at the 
50th percentile. Figure 2 can be used 
to illustrate the method of graphically 
estimating the two parameters. The 
estimate of the geometric mean is 112 
and the 84th percentile is 200. Thus, 
the estimated standard geometric devie- 
tion is 1.78. This example is based on a 
distribution which is very nearly log- 
normal. 

As stated previously, in actual prac- 
tice a distribution may devizte slightly 
from log-normal and consequently points 
of the cumulative frequency distribution 
(deciles for Network data) may not all 
fall on a straight line. Instead, a line 
is fitted to the points and the 50th and 
84th percentiles are estimated from the 
fitted line. Graphically fitting a straight 
line to a probability plot provides a satis- 
factory estimate of the parameters for 
an individual distribution. In the 
study of data from a large number of 
sampling sites, the mathematical method 
needed is such that the repetitive com- 
putations can be done by an electronic 
computer. 

To fit a straight line to the decile 
values, using the least squares method, 
it is necessary first to express the deciles 
in terms of standard deviation units, 
referred to 2s normal deviates (Table 
IV). Following this procedure each 
point can be expressed in terms of an x 
and a y co-ordinate. The zx co-ordinate 
is the normal deviate corresponding to a 
particular decile, and the y co-ordinate 
is the logarithm of the concentration 
for that decile. The geometric mean is 
the value of the y intercept of the fitted 
line corresponding to a normal deviate 


Table Vi—Suspended Particulate Matter—Urban Stations—Region and Grand Totals 


No. of 


Station Years Samp. 


30 40 


Micrograms per Cubic Meter 
Frequency Distribution, percent 
50 60 70 


Geo. 
Mean 


Arith. 
Avg. 


New England Total 57 595 
Mid Atlantic Total 57 
Mid East Total 57 
South East Total 57 
Mid West Total 57 
Great Plains Total 57 
Gulf South Total 57 
Rocky Mountain 
Total 57 58 
Pacific Coast Total 58 
Grand Total 57 58 


86 
126 


99 
137 


98 
87 


115 
112 


100 86 
146 
123 
125 
158 
136 


November 1959 / Volume 9, Number 3 


1S 
7 99.73% 
7 
95.45% 
7 
Re 
)* 
26 10 16 : 
26 50 50 
26 195 199 
24 109 107 
- 25 108 109 
26 100 101 
t 26 127 127 
i 26 89 90 
26 128 129 
f 26 174 175 
26 160 154 
25 107 112 
i 25 174 175 . 
26 119 117 ‘a 
26 83 81 
22 192 192 
26 44 43 = 
26 107 109 : 
t 26 52 50 - 
26 91 91 
26 156 159 
- 25 186 192 | 
26 104 101 
23 176 174 
20 42 53 64 75 a 100 118 138 178 326 1.739 
23 60 76 93 106 144 171 199 262 607 1.772 
, 27 54 66 78 88 101 118 135 160 216 745 1.698 a 
15 55 66 80 90 137 158 223 1.689 
7 11 74 92 109° 121 156 179 206 267 978 1.629 
22 63 79 93 105 123 134 156 178 223 © 722 1.622 | 
; 14 53 64 75 88 I 115 132 151 207 630 118 100 1.687 - 
15 37 5&3 62 72 96 117 135 174 466 99 84 1.809 
11 42 58°* 76 89 192263 639136. 109-2026 
11 53 68 8 96 129 151 181 236 978 131 4111 1.772 ; 
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Table Vi—Suspended Particulate Matter—Nonurban Stations 


Micrograms per Cubic Meter 


No. of Frequency Distribution, percen 
40 50 60 70 


Arith. Geo. Geo. 


Station Years Samp. Min. 10 20 30 80 90 Max. Avg. Mean Dev. 
Acadia National 
Park, Me. 58 22 13 14 15 18 21 24 29 34 42 48 54 27 24 1.688 
Clarion County, 
a. 58 21 15 15 22 26 29 32 35 37 48 61 64 34 31 1.635 
Pulaski County, 
y. 58 23 12 20 31 33 36 40 43 48 54 58 61 40 38 1.461 
Cape Hatteras, 
N. C. 58 23 19 21 26 27 29 30 33 37 42 52 86 35 31 1.381 
Shenandoah 
Park, Va. 58 25 12 13 15 21 23 26 29 34 37 61 65 30 26 1.748 
Holly River 
Park, W. Va. 58 23 16 19 27 28 29 30 31 33 35 52 68 32 30 1.342 
Gulf Shores 
Park, Ala. 58 22 12 15 17 20 22 27 30 32 36 47 49 27 25 1.557 
Florida Keys, 
Fla. 58 25 Zz 10 16 18 22 25 29 34 37 61 198 34 24 1.872 
Oatland Island, 
Ga. 58 26 19 24 26 31 34 41 47 49 64 69 97 44 40 1.561 
Jackson County, 
Miss. 58 23 13 17 21 23 26 29 31 33 35 41 47 28 27 1.388 
Sangamon ' 
County, Ill. 58 24 23 29 37 47 54 59 64 72 79 93 109 60 56 1.551 
Montgomery 
County, Ind. 58 26 26 29 37 44 49 57 64 69 79 85 98 57 54 .529 
Huron County, 
Mich. 22 


Door County, 


Wis. 37 47 52 72 172 42 32 1.971 
Cook County, 
Minn. 58 23 8 11 15 18 29 35 41 48 57 72 173 44 30 2.131 


County, Mo. 58 23 18 19 26 28 30 38 40 41 43 57 71 37 34 1.469 
Thomas County, : 

Nebr. 58 26 9 13 14 16 18 21 29 37 52 65 101 31 25 1.979 
Ward County, 

N. D. 58 26 3 8 10 13 16 26 30 33 41 61 83 28 21 2.254 
Black Hills 

Forest, 8. D. 58 22 5 6 7 11 15 16 22 25 41 72 99 26 17 2.591 
Montezuma 

County, Colo. 58 26 4 5 6 8 10 14 15 16 18 28 33 14 ‘i 1.932 
Craters Moon, 

Idaho 58 22 5 5 7 8 16 22 26 33 37 44 56 23 17 2.523 
Glacier National 

Park, Mont. 58 26 1 + 6 7 7 8 11 12 24 26 225 20 9 2.066 
Bryce Canyon 

Park, Utah 58 23 4 5 8 10 16 22 37 85 139 269 403 83 29 5.051 
Port Woronzof, 

Alaska 58 25 4 6 10 14 16 19 21 26 29 37 83 22 17 1.940 
Waimanolo, 


Hawaii 57 23 23 24 27 30 32 34 36 41 48 76 85 4] 36 1.483 
County, 


re. ; 14 15 17 19 22 29 37 42 65 72 115 40 30 1.964 
Grand Total 


58 20 
57-58 1252 1 11 16 22 27 32 37 44 56 71 460 39 30 2.037 


of zero (the median) and the standard Use of the Descriptive Parameters Table VI. These criteria insured that a 


geometric deviation is the antilog of the 
slope of the line. 


Means and standard geometric devia- 
tions were computed for a large number 
of distributions from the original data 
by conventional procedures and then 
from the nine deciles by the procedures 
just described. The geometric means 
computed by the two methods differed 
by an average of less than 0.5%. The 
estimates of the standard geometric 
deviation differ by about 1%. Compar- 
isons of the parameters obtained by the 
two methods for selected distributions 
are shown in Table V. It appears that 
the parameters can be estimated from 
the decile values with a good degree of 
reliability. 
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Before attempting a study of the 
levels of particulate pollutants at the 
various sampling stations it was neces- 
sary first to take steps to insure the 
comparability of data. The criteria 
used in the selection of data for the 
following discussions were (1) 1957 and 
1958 data alone were considered, (2) at 
least 20, but not more than 26 samples 
had to have been collected in any one 
year, no more than three in any one 
month, nor more than seven in any 
quarter, and (3) a year had to consist 
of all four quarters and a quarter of at 
least two months. For stations meeting 
the above criteria, the two parameters 
and the frequency distributions from 
which they were derived are shown in 


station was not made to appear favora- 
ble or unfavorable merely as a result of 
sampling procedure. Strict adherence 
to these criteria resulted in the exclusion 
of data from some stations, especially 
nonurban stations. While the ex- 
cluded data are of value as a measure 
of atmospheric pollution at the sampling 
sites, they were not acceptable for the 
statistical analyses in this section of the 
paper, but were included in the region 
and grand totals in Table VI. 

The two descriptive parameters are 
of use in both the study of pollution 
at a specific sampling site and in com- 
parison of data from different sites. 
For example, they are necessary in test- 
ing the significance of observed differ- 
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Table Vi—Suspended Particulate Matter—Urban Stations 


Station 


Micrograms per Cubic Meter 
Frequency Distribution, percent 
30 40 50 60 70 


Waterbury, Conn. 
Hartford, Conn. 


New Haven, Conn. 


Stamford, Conn. 
Bridgeport, Conn. 
Portland, Me. 
Boston, Mass. 


Lawrence, Mass. 
Lynn, Mass. 
Somerville, Mass. 
Worcester, Mass. 
Brockton, Mass. 
Fall River, Mass. 
Quincy, Mass. 
Springfield, Mass. 
Manchester, N. H. 
Providence, R. I. 


lurlington, Vt. 
\Wilmington, Del. 


Atlantic City, N. J. 
Hlizabeth, N. J. 
Camden, N. J. 
Jersey City, N. J. 
Kast Orange, N. J. 
Newark, N. J. 
New York, N. Y. 


Binghamton, N. Y. 
Schenectady, N. Y. 
Syracuse, N. Y. 
Utica, N. Y. 
Rochester, N. Y. 
Philadelphia, Pa. 


Pittsburgh, Pa. 


Scranton, Pa. 
Harrisburg, Pa. 
Reading, Pa. 
Wilkes-Barre, Pa. 
Washington, D. C. 


Baltimore, Md. 


ences. From Table VI it can be seen 
that of the 55 urban sites at which sam- 
ples were collected in both 1957 and 
1958, all but one have different geo- 
metric mean levels for the two years. 
A statistical analysis using the “Student 
t”’ test shows that these differences were 
significant at the five percent level for 11 
stations where the mean levels for the 
two years for the same stations differed 
by 25% or more. The 1958 levels 
were significantly higher at Birmingham, 
Nashville, Tampa, and Wichita and 
lower at Albuquerque, Denver, New 
York, Philadelphia, Phoenix, Salt Lake 
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City, and Sioux Falls. At the other 44 
stations, the differences between 1957 
and 1958 levels were not great enough 
to be significant. 

The relationships between pollution 
levels in 1957 and 1958 can be iltus- 
trated by a study of these 55 stations. 
They are classified by the descriptive 
parameters in a two-way table (Table 
VII). The similarity of the patterns 
for the two years is apparent. Thus, 
since the distribution by geometric 
mean concentration is about the same 
for both years, the source strength must 
have remained fairly constant. Like- 


wise, in view of the similarity of the 
dispersion pattern, analogous weather 
conditions must have prevailed in the 
two-year period. 

The two parameters for nonurban 
stations (Table VI) range from nine to 
56 ug/m* for the geometric mean and 
1.38 to 5.05 for the standard geometric 
deviation. A classification of the non- 
urban stations by the two parameters is 
shown in Table VIII. It is furthér 
shown (Fig. 6) that there are apparent 
geographic differences in these param- 
eters for nonurban stations. The 
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Std. 
No. of Arith. Geo. Geo. 
Pe Years Samp. Min. 10 20 90 Max. Avg. Mean Dev. 
58 23 34 52 59 67 79 91 97 106 118 193 266 100 88 96 
57 26 35 52 76 90 100 118 129 136 156 193 314 124 109 99 
58 25 28 47 52 65 68 76 8 112 129 156 207 90 81 22 
57-58 51 28 46 63 70 Si 100 6135 «(120 1A CT 93 48 
| 23 51 52 57 61 88 97 105 114 139 158 201 100 90 94 
58 25 41 54 59 65 68 75 82 100 112 138 175 84 80 48 : 
57-58 48 41 53 58 63 70 85 96 108 118 149 201 92 84 19 i 
57 26 20 44 67 77 82 100 125 132 171 186 247 = 112 99 40 
58 21 46 52 72 81 88 97 118 129 139 179 #267 ~=«=111 99 67 
58 23 44 61 72 81 93 112 129 147 #164 228 233° «#125 111 63 
57 26 72 81 90 109 121 130 139 #4156 «#6193 27 214 137 130 60 
58 24 72 8 100 118 131 139 164 211 235 255 256 159 149 77 
57-58 50 72 82 95 114 125 134 149 179 208 235 256 ~= 147 139 20 
57 26 21 37 42 52 57 65 85 90 98 125 186 74 67 28 
57 21 43 44 61 74 79 85 112 129 152 193 253 108 93 45 2 
57 26 37 42 52 O1. “87 79 95 104 114 139 191 87 78 98 
57 26 34 41 64 72 93 107 118 132 149 #159 219 107 96 77 
58 24 23 39 48 55 67 76 8 109 129 164 301 92 77 61 | 
58 23 21 48 57 61 67 79 93 118 164 269 326 114 90 07 3 
58 25 31 44 48 54 59 79 85 96 118 139 224 82 74 17 | 
58 26 20 34 44 49 52 59 72 77 85 95 212 70 59 93 : 
58 20 25 31 44 49 61 67 72 79 85 100 134 68 61 36 
57 23 73 77 85 89 94 100 118 129 139 «#179 #4253 ~=«117 108 77 r 
58 26 53 85 90 98 105 118 134 152 193 228 294 135 126 95 ‘ 
57-58 49 53 79 87 93 99 112 123 136 164 211 294 = 127 116 54 3 
57 26 24 33 36 40 43 49 57 61 76 79 83 52 50 53 
58 26 22 26 29 38 41 44 50 54 61 81 156 50 44 28 
57-58 52 22 27 33 39 42 46 52 58 75 81 156 51 47 10 
57 26 77 95 109 129 139 164 181 193 269 317 481 # 189 165 + ; 
58 23 53 61 112 123 134 164 193 238 250 346 412 185 161 52 
57-58 49 53 90 111 126 1389 164 181 228 262 331 481 # 187 163 60 ° 
58 25 33 46 50 57 61 66 69 76 8 118 136 70 67 99 
58 23 56 61 93 100 109 125 139 #152 164 228 #278 =#« 135 122 65 
57 26 54 125 139 158 174 #+%205 236 253 281 305 352 210 199 58 - 
57 26 99 112 122 «#135 «©6144 159 176 #187 211 228 311 ~ 166 159 38 
57 20 26 29 34 52 72 #118 145 158 179 228 366 ~=«#121 90 09 
58 22 33 44 55 64 69 85 95 123 139 164 231 97 85 97 5 
57 25 94 118 144 159 170 187 202 228 «#4+269 336 330 = 197 192 68 
58 26 63 69 103 110 115 139 164 183 242 269 389 # 164 142 75 : 
57-58 51 63 93 109 125 148 168 186 214 253 317 389 = 180 166 15 : 
57 26 54 59 64 72 81 89 96 100 125 139 224 94 88 10 
57 22 38 44 49 58 65 72 81 89 100 118 148 77 71 81 
! 57 26 40 44 67 85 938 105 118 129 152 211 347 ~= 119 101 24 i 
: 57 24 44 57 65 70 #100 118 #129 «#152 171 #1938 228 120 107 84 ae 
58 25 51 79 88 95 100 108 1138 129 #4145 #4164 232 = 116 110 27 
57 25 86 139 149 164 179 211 233 249 259 293 323 203 202 66 
58 24 61 8 112 120 152 164 172 185 #193 #4317 «#4349 ~=«171 157 41 
57-58 49 61 106 134 150 164 177 #188 219 249 285 349 187 178 48 
a 57 23 78 81 112 129 164 179 188 211 249 441 534 203 174 75 
58 26 85 100 112 126 135 147 #160 179 228 269 344 ~= 167 154 67 
57-58 49 78 98 112 127 #143 #4160 #4175 «#41193 238 #%$336 534 184 163 95 
57 26 62 79 89 100 112 129 179 -211 288 307 466 176 147 09 i 
58 25 46 57 72 85 95 118 152 193 216 255 292 135 122 61 
58 25 56 72 87 94 98 112 139 164 183 269 404 142 124 38 
58 26 23 52 61 72 85 96 107 114 132) 164 203 99 92 57 : 
57 26 41 52 61 75 82 90 98 105 118 129 258 94 86 26 
| 58 24 66 72 82 88 95 100 112 129 139 164 177 = 110 105 75 
57-58 50 41 61 74 82 89 9 103 115 129 147 «258 102 96 92 _ 
FP 57 26 77 100 105 113 118 1384 152 164 198 242 301 150 140 17 a 
b 58 25 65 76 85 93 98 109 118 147 164 193 287 127 115 51 
; 57-58 51 65 82 93 102 110 122' 139 157 179 238 #301 # 138 128 96 
| 


Table Vil—Classification of Urban Stations with Two-Year Data by 
Geometric Mean and Standard Geometric Deviation 


Standard ———Geometric Mean (ug/m*)— 
Geometric 175 & 
Deviation <75 75-124 125-174 over 


1957 only 


3 
10 
9 
2 
0 


1958 only 


0 
10 


wloorwe 


Table Vill—Classification of All Non-Urban Stations by Geometric Means 
and Standard Geometric Deviations 1957-58 


Standard : ——Geometric mean 
Geometric Deviation <20 an > 


<1.3 
1.3-1.49 
1.5-1.69 
1.7-1.89 
1.9 & over 


Total 


Table IX—Classification of All Urban Stations by Geometric Mean and 
Standard Geometric Deviation 


Standard ———Geometrie Mean (yg/m*)———— 
Geometric 175 & 
Deviation <75 75-124 125-174 over 


1957 only 


.49 
.69 
.89 

& over 


< 


average concentration tends to be higher 
in the eastern part of the country than 
in the west. The opposite is true for the 
degree of variability as measured by the 
standard geometric deviation. Greater 
variability is observed for sites in 
western areas. 

The two parameters for urban sam- 
pling stations range from 43 to 261 
ug/m* for the geometric mean and 
1.23 to 2.78 for the standard geometric 
deviation. The urban stations are also 
classified by the parameters in a two- 
way table (Table [X), which shows that 
approximately 70% of the cities had 
mean levels less than 175 yg/m* and 
standard geometric deviations of less 
than 1.70. The remaining 30% either 
had geometric mean concentrations 
of 175 ywg/m* or greater, or stand- 
ard geometric deviations of 1.70 or 
greater. A mapping of the urban sta- 
tions similar to that for nonurban sta- 
tions (Fig. 6) failed to reveal any appar- 
ent geographic differences in the two 
parameters. 

It is necessary to consider both pa- 
rameters in discussing the air pollution 
potential for a given sampling site. 
This is illustrated by Fig. 7 in which the 
four extreme combinations of the two 
parameters are shown. First is a case 
in which the mean level is high with a 
fairly high degree of variability in 
association, as for example, Gary. For 
stations in this category, extremely 
high concentrations are probable. The 
second case is one in which a rather high 
mean level is coupled with a small stand- 
ard geometric deviation, as illustrated 
by Wheeling. Stations in this category 
seldom experience very high or very low 
pollution levels. The next case is one 
in which the low mean level is accom- 
panied with a high degree of variability 
between individual measurements, for 
example, Sacramento. For stations in 
this category the necessity of considering 
both parameters is obvious. Noted 
also is the fact that in spite of the low 
mean level, and due to the high standard 
geometric deviation, the level of con- 
centration is occasionally quite high. 
The final situation is one in which both 
parameters are low, as for Oklahoma 
City, in which case high concentrations 
are unlikely. 

From the regional totals (Table VI), 
in which are grouped the data from 
individual stations, it can be seen that 
the standard geometric deviation tends 
to become larger. This increase con- 
forms to expectations on theoretical 
grounds, since mean concentrations vary 
considerably for the various stations and 
grouping tends to give a very wide distri- 
bution of values. In view of this tend- 
ency, it is meaningless to compare the 
standard geometric deviation for a sta- 
tion with that for the state or region in 
which the station is situated or with that 
for the nation as a whole. For the 
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1.3-1.49 3 8 ( 

= 1.5-1.69 2 5 | 

a 1.7-1.89 1 1 

1.9 & over 2 

Total 7 = 17 

<1.3 0 0 Hew 

1.3-1.49 2 9 

1.5-1.69 2 9 8 

1.7-1.89 2 3 2 

1.9 & over 2 

Total 7 24 21 

1957-58 

<1.3 0 0 

1.3-1.49 1 8 11 

i. 1.5-1.69 4 15 7 

1.7-1.89 0 2 1 

1.9 & over 1 

Ca 

: 

“p 

4 is... 

5 0 0 0 0 on 

: 0 6 0 6 re 

0 4 2 6 of 

0 2 0 2 

5 = 12 h 

5 19 2 26 

ge 

Total 

1.3 3 1 0 4 

3 18 12 45 

5 17 10 5 35 

7 7 6 3 1 11 

9 2 0 4 

Total 45 28 “14 99° 

1958 only 

Re <1.3 2 0 0 3 

an 1.3-1.49 16 9 4 33 

= 1.5-1.69 23 10 2 41 

a 1.7-1.89 8 2 2 15 

. 1.9 & over _6 3 0 10 

Total 55 24 102 

1957-58 

. <1.3 2 0 0 3 

ie 1.3-1.49 21 16 6 50 

- 1.5-1.69 37 13 3 62 

2 1.7-1.89 il 3 3 18 

1.9 & over _2 0 9 

Total 77 34 12 142 
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DESCRIPTIVE PARAMETERS: 


GEOMETRIC MEAN 
STANDARD GEOMETRIC DEVIATION 
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Fig. 6. Descriptive parameters for nonurban stations. 1957-1958. 


same reason more reliable comparisons 
can be made between single years at a 
civen station or between stations for a 
<pecific year than between one year and 
:nultiple years at a given station. 


Summary 


(1) It has been shown that a plot of 
the cumulative frequency distribution 
on log-probability paper is sufficiently 
reliable to establish the log-normality 
of a specific distribution of suspended 
particulate concentrations. Further, it 
has been verified statistically that, in 
general, it is valid to assume log-nor- 


mality of these distributions. 
(2) A method is demonstrated for 
estimating the geometric mean and 
standard geometric deviation from a plot 
of the decile values on log-probability 


paper. 


It is also shown that the two 


parameters can be determined by mathe- 
matically fitting a line by least squares 
to the decile values. A comparison 
is then made between the parameters as 
computed by the short-cut method and 
from the original data. 
(3) Use of the geometric mean and 
standard geometric deviation is de- 
scribed and the necessity for considering 


1000 
an 
500 
400 4 
300}— 

1957 

¥ 

2 

— 

2 ‘ol 

/ 
Pa 
Pa 
0.01 0.10205 1 2 5 10 20 30 © 50 60 70 8 90 95 98 99  99.899.9 99.99 


% OF SAMPLES EQUAL TO OR LESS THAN STATED WICROGRAMS PER CUBIC METER 


Fig. 7. Cumulative frequency distributions. Suspended particulate levels. Urban stations. Varia- 


tions in descriptive parameters. 
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both parameters in discussing levels 


of concentration is illustrated. Geo- 
graphic differences in the two param- 
eters are apparent for nonurban sta- 
tions but not for urban stations. 

(4) A classification of the urban sta- 
tions by the two descriptive parameters 
shows that 70% of the cities had 
geometric mean particulate concen- 
trations less than 175 yg/m* and 
standard geometric deviations less than 
1.70. The remaining 30% either had 
geometric mean concentrations of 175 
ug/m? or greater, or standard geometric 
deviations of 1.70 or greater. 
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e 
APCA Publications 
Expand Frequency in ‘60 

As of January 1, 1960, Tae JouRNAL 
OF THE AIR POLLUTION ConTROL Asso- 
CIATION will expand into a bi-monthly 
publication with issues appearing in 
February, April, June, August, October, 
and December. 

The expansion will mean that the 
JOURNAL will not only appear more 
often, but will contain more technical 
papers, news items, and abstracts. It 
will combine the other two publications 
into one. 

The Abstracts, however, will still be 
published alone in the alternate months 
as we are under contract with Public 
Health Service. 

The changeover will not only be 
advantageous from the readers’ view- 
point with more timely, interesting and 
challenging material, but it will be a 
great savings time and money-wise 
for the Association. Eventually the 
JOURNAL may become a monthly pub- 
lication, but this is a slow process. 
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COMMENTS on 


“Particulate Pollutants in the Air of the United States” 


The preceding paper by Arthur Stern 
and other members of the staff from the 
Robert A. Taft Sanitary Engineering 
Center of the U.S. Public Health Serv- 
ice, entitled, “Particulate Pollutants in 
the Air of the United States,” is reported 
to be a statistical analysis of the results 
obtained by the National Air Sampling 
Network. The collection of the original 
samples was performed jointly by the 
U.S. Public Health Service and various 
air pollution agencies and health depart- 
ments throughout the country. There 
is no doubt that the system of finding the 
descriptive parameters for the equations, 
which would express the characteristics 
of the plotted curves, is proper statistical 
methodology. However, because the 
nature of the samples which were an- 
alyzed leaves much to be desired, this 
procedure does not adequately take into 
account all of the factors which should be 
included in a proper analysis. 

Several years ago at the Detroit meet- 
ing of APCA, a session was held at which 
Mr. Stern and his staff attempted to 
answer the questions of various control 
officials concerning the U. S. Public 
Health Service’s network sampling 
techniques. While it was agreed that 
the federal government could supply 
needed research for the benefit of the 
local air pollution agencies, there were 
strenuous objections to the method of 
reporting these results by the Public 
Health Service. At that time it was 
pointed out that even though the results 
from a given station might be within the 
standard deviation limits, it did not 
mean that that particular set of values 
could be used for an over-all estimation 
of the contamination covering a rela- 
tively large land area. For example, 
the samples obtained from Houston, 
Tex., were collected at two stations, one 
of which is in the downtown area and 
the other one is at a location in a small 
municipality around the boundary of the 
city of Houston. Both of these sam- 
pling stations were in such positions that 
they did not receive a composite ex- 
posure to materials which are found 
along the ship channel and therefore, the 
results from these stations are of neces- 
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Editor’s Note: The com- 
ments contained in this paper 
were presented orally by Dr. 
Walter A. Quebedeaux, Jr. after 
presentation of ‘‘Particulate 
Pollutants in the Air of the 
United States’’ by Messrs. Zim- 
mer, Tabor and Stern at Los 
Angeles, during the 52nd Annual 
Meeting. We would like to 
point out to our readers that 
although we feel that contro- 
versial topics are of great in- 
terest, any opinions expressed 
are those of the individual and 
are not those of the Association 
or the editorial staff. 


sity much lower than one would find 
from sampling other areas of Harris 
County. So the use of descriptive pa- 
rameters based on these results is not 
adequate. At the time of the Detroit 
meeting, the situation was pointed out 
to Mr. Stern and both he and members 
of his staff, which at that time included 
Dr. Leslie Chambers, had to admit that 
results of this nature describe only the 
situation in close proximity to the sam- 
pling point. The complaint was also 
made that the statistical analysis of such 
figures, expressed to three digits, in- 
dicated an accuracy which was not in- 
herent in the sampling procedure. 
When results of this nature are ex- 
panded to predict pollution for the entire 
Houston area, the inaccuracies are mag- 
nified and give an entirely erroneous 
picture of the true situation. At that 
time Mr. Chambers stated that the re- 
sults reported in his paper were statis- 
tically correct, but every air pollution 
officer present felt that his method of 
reporting his results had caused a con- 
siderable amount of disturbance in his 
local area and, in some instances, had 
been responsible for the withdrawing of 
supporting funds. It was asked that 
the U. 8. Public Health Service refrain 
from using results of this nature as an 
area-evaluation, and most felt they 
should not label the results with the 


WALTER A. QUEBEDEAUX, JR., Director, Stream and Air Pollution Control Section, 
Harris County Health Unit, Houston, Texas 


name of the city involved. In spite of 
the objections of the local control groups, 
the U.S. Public Health Service has con- 
tinued its policy by reporting such re- 
sults linked with the name of the city 
where they were obtained. The pres- 
ent paper carries that procedure to the 
extreme in that the authors report only 
the total suspended particulate matter 
without any qualification, and no at- 
tempt is made to code the names of the 
cities nor to point out that the results 
obtained are from a very meager sam- 
pling of the area and cannot be expected 
to show the true condition within the 
area involved. 

It is well that we remember that 
statistical analysis is the use of tech- 
niques by which seemingly divergent 
data are “man-handled” that 
straight-line plots are obtained. This 
is done by various manipulations, such 
as the use of the arithmetic mean, geo- 
metric mean, log scales, ratios, ete. Re- 
gardless of how beautiful the plotted 
results appear, it is not justification for 
assuming that this same contamination 
is present in the air a mile away. In the 
Houston area, for instance, the samples 
were taken at points where the real 
pollution contamination could not pos- 
sibly be sampled because of the pre- 
vailing wind directions, and in compar- 
ing the suspended particulate matter in 
the area with that of other areas in the 
northern part of the country, a very 
false picture is obtained. The particu- 
late matter in Houston’s area is pre- 
dominantly chemical dusts, while that 
in other places might be predominantly 
carbon from improper combustion. 
One of the sampling points in Houston, 
at one time, was on the top of a building 
twelve stories high, but was still close 
enough to the railroad yards to obtain 
considerable carbon and soot. On some 
occasions the content was predominantly 
cement dust. During the time covered 
by these samples, that sampling station 
was changed so that both of these 
sources are removed from the sampling 
area. Therefore, the averages which 
are reported in this paper do not give 

(Continued on page 171) 
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TECHNICAL MANUAL ON Single Retort Underfeed Stokers* 


Introduction 


The Technical Manual for single- 
retort underfeed stokers has been pre- 
pared by the Technical Co-ordinating 
Committee of the Air Pollution Control 
Association in co-operation with the 
Iingineering Advisory Committee of 
the Stoker Manufacturers Association 
for the purpose of improving perform- 
ance and reducing air pollution from 
underfeed stokers. 

The recommendations and standards 
as hereinafter described should be of 
interest to everyone concerned with the 
design, installation, and performance 
of stokers. These standards and speci- 
fications should insure comfort, con- 
venience, cleanliness, and economy of 
operation. Stoker manufacturers, 
equipment installers, architects, consult- 
ants, fuel engineers, and administrative 
authorities concerned with enforcement 
of air-pollution ordinances, are pro- 
vided with basic information which 
should prove valuable by reference 
thereto. 

Members of the Technical Co-ordi- 
nating Committee include smoke and 
air-pollution enforcement officers, repre- 
sentatives of the Stoker Manufacturers 
Association, fuel engineers, and other 
specialists in the field of fuels and com- 
bustion. The manual embodies the 
result of this cumulative experience in 
the manufacture and application of 
various coals and equipment. 


Section | 
Selection and Sizing Criteria 


Type of Stoker 


Underfeed stokers are classed accord- 
ing to maximum coal burning rate. 

The following table is used by the 
Stoker Manufacturers Association 
(SMA) and the Bureau of Census. 


Class 1 0-60 


* Developed in Co-operation with the 
Stoker Manufacturers Association Engi- 
neering Committee. 

t See racy Fi of Terms for definitions 
of items 1, 2, and 3 


Pounds of coal per 
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hour, max. burn- 
ing rate 


2 61-100 Pounds of coal per 
hour, max. burn- 

ing rate 
3 101-300 Pounds of coal per 


hour, max. burn- 
ing rate 

4 301-1200 Pounds of coal per 
hour, max. burn- 
ing rate 

5 1201-3500 Pounds of coal per 
hour, max. burn- 
ing rate 


Underfeed stokers are further classed 
according to method of removing ash 
from the fuel bed. 

Clinker Type. A clinker-type stoker 
is considered to be the type whereby ash 
is normally fused into solid clinker and 
manually removed from the fuel bed 
by the use of tongs, hook, ete. It has 
a solid refractory hearth, or dead plates 
which may be solid or perforated. 

Dump-grate Type. A dump-grate 
stoker is considered to be the type 
wherein ash is removed from the fuel 
bed in granular form by manually or 
mechanically dumping or tilting the 
dump grates at intervals. The dump 
grate is a grate section along one or 
more outer edges of the grate system, 
and which is normally in a flat position 
but can be tilted to allow accumulated 
ash to drop into an ash pit. 

The type of stoker selected depends, 
in general, on the size required and the 
type of boiler and load. 

The following represents minimum 
specifications for new plants; in existing 
boilers certain deviations may be al- 
lowed to meet requirements. 


Coal Burning Rate Type Stoker 
Less than 200 lb perhr Clinker type 
250-750 lb per hr Clinker or 

dump grate 


More than 750 lb per hr Dump grate 
Size Selection 


SMA Standard Formula 


The size of a stoker required for a 
given installation is determined from a 
knowledge of the gross Btu load to be 
handled and the lowest heating value 
coal generally available to the installa- 


tion. The following Stoker Manufac- 
turers Uniform Stoker Rating Formula 
expresses this relationship. 


Stoker size in 
pounds of coal = 
(Burning rate per hour) 
Gross load in 
Btu per hour 
Heating value of 
coal as burned X 
over-all efficiency 
of stoker and boiler 
or furnace (expressed 
as a decimal) 


Gross Load 


As noted in Glossary of Terms, gross 
load is “The peak load to be supplied 
at the nozzle of a boiler outlet repre- 
sented by the total of the design load, 
plus an allowance (called the pickup 
allowance) for-an increase in the normal 
load due to heating up the cold sys- 
tem.”’ Because of certain differences 
in the methods of rating boilers in gen- 
eral use, considerable confusion can 
develop as one attempts to determine 
the gross load value to use for an in- 
stallation in a given size boiler. For 
example ratings of steel firebox boilers 
or fire-tube boilers are expressed vari- 
ously in three ways: 


1. Net Loadt—(SBI Net Rating) 
which is in terms of sq ft of radiation or 
Btu’s per hour. 

2. Design Loadt—(SBI Rating) 
which is approximately 23 1/2% larger 
than net load (when automatically 
fired) to allow for normal piping loss. 

3. Gross Loadt—which is approxi- 
mately 23 '/.% larger than design load 
and 50% larger than net load (when 
automatically fired) to further allow 
for pickup of load. 


Ratings of Cast Iron boilers are ex- 
pressed as follows: (1) Net Load— 
(I-B-R Net Rating) which is in terms 
of sq ft of radiation (steam or hot 
water) or Btu’s per hr. (2) Gross 
Load—(I-B-R Gross Boiler Output) 
which is from 56% to 28.8% larger than 


145 


| 
xas 
ps, | 
| 
ity 
he 
ly 
er 
it- 
he | 
ts 
n- 
od | 
he 
at 
at 
at 
is 
h 
d 
r 
n 
e 
Ss | 
| | 
| 
hz 
| 
; 
j 
sf 
|_| 
| 


Table I—SBI (Steel Boiler Institute) Ratings for ‘Table 1" Steel Boilers’ tory furnace walls—150% to 200%. 


(Mechanically Fired) 3. Water-tube boilers with water- 
cooled furnace walls—200% to 
——————_SBI Net Ratings SBI Gross 250%. 
Sq Ft Boiler Minimum y 
Sq Ft Gravity Output Heating Boilers rated on terms of output 
Steam Water 1000 Btu 1000 Btu Surface rating usually can be operated for 
Radiation Radiation Per Hour Per Hour Sq Ft periods of from two to four hours at 
(1) (2) (3) (4) (5) ratings up to 110% of the manufac- 
1800 2880 432 648 129 turers ‘‘continuous”’ rating. 
2200 528 792 158 . 
2600 4160 624 936 186 Efficiency 
3 4800 720 1080 1 Load values shown in the tables in- 
= cluded in this manual are based on com- 
‘ 4500 7200 1080 1620 329 bined boiler and stoker efficiencies in 
5000 8000 1200 1800 358 accordance with the following schedul:: 
6000 9600 1440 2160 429 peseees 
Complete as per Table I, Page 7 of SBI Rating Code Gross loads up to and including 
900,000 Btu per hr (corresponding 
40 ,000 64,000 9,600 14, 400 2857 — 
45,000 72,000 10,800 16, 200 3214 to 115 lb per hr of 12,000 Btu 


Gross loads over 900,000 Btu per hr 
and up to and including 12,000,000 
Btu per hr (corresponding to 1428 
Ib per hr of 12,000 Btu Coal). .70% 


* From SBI Rating Code—File No. 30-C. 


Table lI—SBI (Steel Boiler Institute) Ratings for "Table 2” Steel Boilers’ 


(Mechanically Fired) Gross loads over 12,000,000 Btu per 
SBI Gross 
SBI Net Ratings Boiler Minimum Nore: Actually many new modern 
Steam Water Output, Heating boilers equipped with efficiency and 
Sq Ft 1000 Btu 1000 Btu 1000 Btu Surface, stoker units and complete control sys- 
Radiation Per Hour Per Hour per Hour Sq Ft tems will operate at efficiencies up to 
(1) (2) (3) (4) (5) 78%. If actual design or obtained 
275 66 74 99 16 efficiency is known, it may be used in 
: 320 77 87 115 19 recalculating outputs. 
400 : 96 108 144 24 
; 550 132 149 198 32 Explanation of Boiler Ratings Tables 
Complete as per Table 2, Page 9, of SBI Rating Code File No. 30-C I. Tables I and II for mechanically- 
3500 = fired SBI rated boilers. The Steel 
‘ 4000 Boiler Institute (SBI) rating code for 
steel firebox boilers designates Table I 


2 From SBI Rating Code—File No. 30-C. 


Net Load (when automatically fired). 
The percentage factor decreases as the 
boiler size increases. 


Size Stoker to Boiler Gross Output 


The gross load for a given installation, ~ 


and for which the required stoker size 
is to be selected, can, as a rule be as- 
sumed to be equivalent to the gross 
output ratings of the boiler to be stok- 
ered. If the boiler rating is desig- 
nated in “net rating,” “design rating,” 
ete., its gross output rating can be 
determined in accordance with the 
previously described correlations be- 
tween the variously expressed ratings. 
Tables I and II show these correlations 
for both steel and cast iron boilers in the 
sizes covered by this Manual. 


High Pressure Boilers 


Boilers designed to operate at pres- 
sures in excess of 15 psi (as normally 
used for power and process loads) 
usually are rated on the basis of one 
of the following designations: 


1. Nominal Boiler Horsepower— 


based on one horsepower for each 10 
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sq ft of boiler heating surface. This 
is referred to as the “nominal” rating. 

2. Output Rating. (A) Btu’s_ per 
hr. (B) Developed Boiler Horsepower 
(see Glossary of Terms) (C) Pounds of 
Steam per hr—equals to the heat out- 
put of 970.3 Btu per hr. 


The above noted empirical basis 
(No. 1) for rating boilers in terms of 
‘nominal” boiler horsepower is con- 
sidered obsolete and is unreliable as 
a means of determining their peak out- 
put. Boilers thusly rated, and within 
the size range covered by this manual, 
can be operated at ratings from 125% 
to over 200% of the nominal rating. 
Therefore, the peak output of boilers 
rated in this manner must be deter- 
mined in Btu’s per hr, developed boiler 
horsepower, or pounds of steam per hr. 
The following will serve as a guide to 
expected and generally practicable gross 
output ratings of boilers of various 
types expressed in terms of percent of 
nominal boiler horsepower: 


1. Firebox or fire-tube boilers—150%. 
2. Water-tube boilers with refrac- 


steel boilers and Table II steel boilers. 
Table I boilers are defined as those 
having 129 to 3571 sq ft of heating sur- 
face. Boilers covered by this table 
generally are considered to be in the 
commercial size classification and are 
rated on the basis of heating surface 
with limitations set for grate area, fur- 
nace volume, and furnace height. 

Table II boilers are defined as those 
having not more than 294 sq ft of heat- 
ing surface. Boilers covered by this 
table generally are considered to be in 
the residential size classification and are 
rated from actual tests of oil-fired 
boilers with limitations pertaining to 
heating surface and testing conditions. 
Stoker-fired and gas-fired Table II 
boilers are rated in accordance with 
the assigned oil-fired rating. As can 
be noted by comparing Tables I and II 
the principal difference between the two 
rating methods is: 

1. Table II rated boilers may be as- 
signed higher ratings for a given amount 
of heating surface than Table I rated 
boilers. 

2. Table II rated boilers may be as- 
signed a water rating in Btu that is 
from 12% to 13% higher than the as- 
signed steam rating in Btu. 

II. Table I (for SBI Table I boilers). 
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Table IlI—IBR (Institute of Boiler and Radiator Manufecturers) Ratings for 
Cast Iron Boilers (Automatic Fired) 


IBR Net Ratings ~ IBR Gross 
Steam on Water Boiler Output, 
Sq Ft 1000 Btu 1000 Btu 1000 Btu 
Radiation Per Hour Per Hour Per Hour 
(1) (2) (3) (4) 
250 60.0 2 92.9 
400 96.0 = 146.4 
550 132.0 E 198.9 
700 168.0 250.7 
850 204.0 301.5 
1000 240.0 = 351.8 
1150 276 = 401 
1300 312 451 
1450 348 499 
1600 384 = 547 
1750 420 o 595 
1900 456 482 642 
2050 492 689 
2200 = 552 736 
as per Table 3, 
Page we in Heating and Ventilating Guide 
10,000 2400 3091 
12,000 380 2880 3709 
14,000 3360 3360 4328 
16,000 3840 3840 4946 
18,000 4320 4320 5564 
,000 4800 4800 6182 


Note: ‘Automatic fired” is synonymous with “mechanical fired” of SBI rating table. 


(a) Column 1 is the SBI Net Rating 
in sq ft of steam radiation (240 Btu/ 
sq ft). 

(b) Column 2 is the SBI net rating 
in sq ft of gravity hot water radiation 
(150 Btu/sq ft). 

(c) Column 3 is the SBI net rating 
in thousand Btu’s per hr (240 times 
column 1 or 150 times Column 2). 

(d) Should the “SBI Rating” be 
desired, multiply net rating by 1.235. 

(e) Column (4) is the SBI gross 
boiler output rating in thousand Btu’s 
per hr. It equals the SBI net rating in 
thousand Btu’s per hr (column 3) 
times the factor 1.5. 

(f) Column 5 lists the - minimum 
heating surfaces Table I steel firebox 
boilers must have to be assigned the 
corresponding ratings. 

Ill. Table II (for SBI Table II 
Boilers). 

(a) Column 1 is the SBI net rating 
in sq ft of steam radiation (240 Btu/ 
sq ft). 

(b) Column 2 is the SBI net rating 
for a low pressure steam heating system 
in thousand Btu per hr (240 times 
column 1). 

(c) Column 3 is the SBI net rating 
for a hot water heating system in 
thousand Btu per hr. These ratings 
are from 12% to 13% higher than the 
corresponding ratings iz thousand Btu/ 
hr for steam heating systems. 

(d) Column 4 is the SBI gross out- 
put rating in thousand Btu per hr. It 
equals the SBI net steam rating in 
thousand Btu per hr (column 2) times 
the factor 1.5. 

(e) Column 5 lists the minimum heat- 
ing surfaces Table II steel firebox boilers 
must have to be assigned the corre- 
sponding ratings even though the test 
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conditions may be met with less heating 
surface. 

IV. Table III (For mechanically- 
fired IBR rated boilers). 

The institute of Boiler and Radiator 
Manufacturers’ Code for rating cast- 
iron heating boilers is based upon per- 
formance obtained during actual tests. 
The code specifies the number of boilers 
of a series to be tested, as well as the 
limitations on the flue gas temperature 
and analysis, the minimum over-all 
efficiency, draft loss through the boiler 
and the heat release. The stoker-fired 
ratings are based on the Gross IBR 
Output obtained during the oil-fired 
tests. 

(a) Column 1 is the Net IBR Rat- 
ing for a low pressure steam heating 
system in sq ft of steam radiation (240 
Btu/sq ft). 

(b) Column 2 is the Net IBR Rat- 
ing for a low pressure steam heating sys- 
tem in thousand Btu per hr (240 times 
Column 1). 

(c) Column 3 is the Net IBR Rat- 
ing for a hot water heating system in 
thousand Btu per hr. 

(d) Column 4 is the Gross IBR 
Boiler Output in thousand Btu per hr. 
for steam and hot water heating sys- 
tems. These are the ratings assigned 
to a series of boilers as the result of 
actual test performances under con- 
trolled conditions prescribed by the 
IBR Test Code. The corresponding 
ratings in Columns 1, 2, and 3 are de- 
termined from the Gross IBR Output 
by applying code specified piping and 
pickup factors which range from 1.56 
to 1.288 for mechanically-fired steam 
boilers and from 1.333 to 1.288 for 
mechanically-fired hot water boilers. 


The factor decreases as the boiler size 
increases. 


Explanation of Stoker Size Selection 
Table 


Table IV is a comprehensive listing 
of gross or peak boiler outputs in terms 
of: (1) Btu’s per hour. (2) Pounds 
of steam per hour (from and at 212°F). 
(3) Developed boiler horsepower. (4) 
Equivalent Direct Radiation (EDR)— 
Steam. (5) Equivalent Direct Radia- 
tion (EDR)-Gravity Hot Water. 

Corresponding coal burning rates 
with coals of various heating values to 
develop these ratings are shown. Com- 
bined boiler and stoker efficiencies 
used in the calculations of the burning 
rates are shown in accordance with ex- 
planation under “Efficiency.’”’ See Siz- 
ing Procedure for use of these tables. 


Sizing Procedure 


Step 1. Determine gross load. 

A. When a new boiler has been 
selected or when stoker is being selected 
for a boiler already in service, consult 
boiler manufacturers catalogue for re- 
quired boiler rating. 

(1) For SBI rated boilers—refer to 
Table I or II and obtain SBI gross out- 
put in Btu’s per hr equivalent to the 
SBI net rating given in manufacturer’s 
catalogue. 

(2) For IBR rated boilers—refer 
to Table III and obtained IBR gross 
boiler output in Btu per hr equivalent 
to the net IBR rating given in manu- 
facturer’s catalogue. 

(3) For Mechanical Contractors As- 
sociation rated boilers—refer to Table 
II for steel boilers and to Table III for 
cast iron boilers and obtain the gross 
boiler output in Btu’s per hr equivalent 
to the MCA net load recommendation. 

B. When the heat loss of the build- 
ing is the only load data available, 
multiply the total heat loss in Btu’s 
per hr plus equivalent Btu rating of 
any domestic hot water equipment to 
be connected to the boiler, by 1.5 for 
gross load in Btu’s per hr to allow for 
piping loss and pickup. 

C. When boiler to be stokered is to 
serve a power and/or process load be 
careful to obtain gross or output rating 
from a reliable source such as the manu- 
facturer’s catalogue or the contract 
specifications. The rating may be in 
terms of Btu’s per hr, developed boiler 
horsepower or pounds of steam per hr. 

Step 2. Determine Btu value of low- 
est heating value coal generally avail- 
able and likely to be used in the instal- 
lation. 

Step 3-Alternate I. Determine stoker 
size by use of Stoker Manufacturer’s 
Standard Formula. 

Step 3-AlternateII. Determine pan 
size from Table IV. 

A. Locate gross load, or gross or 
peak boiler output in the column corre- 
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Table IV—Stoker Size Selection Table 


—Gross or Peak Boiler Output— 


De- Square 
1000 Pounds eet 
Btu Steam Boiler E.D.R. 

r r Horse Gravity —Pounds of Coal Required per Hour with as Received Btu Value of Coal as Shown Below— 
Pail ae Power Steam Water 8500 9000 9500 10,000 10,500 11,000 11,500 12,000 12,500 13,000 13,500 14,000 
65% Eff. 

160 166 4.8 2,067 27.4 2.4. 21.6. 20:6 19.7 18.9. 18.2 17.6 
180 186 5.4 62.6 20.2 20.7. 2.4 25.2 24.1 22.1 21.3 -20.5 19:8 
200 207 0.0 20:35 28.0 26.8 26:6 924.6. 28.7 22.0 
220 228 6.6 916 1,465 39.8 37.6 35.6 33.8 32.2 30.8 29.4 27.8 27.1 26.0 25.1 24.2 
240 248 7.2); 2000 17,600 43:5 41.0 38.9 36.9 85.2 33.6 32.1 -30.8 20.5 28.4 27.4 26.4 
260 269 1.8: 38.1 26.4 34.8 33.3 32:0 30:8 20.6 28.6 
280 290 8.4 46.4. 43:0 39.2 37.4 36:0: 34.4 . 33.2 32.0: 30.8 
300 =. 3110 9.0 1250 2,000 54.3 51.3 48.6 46.2 44.0 42.0 40.2 38.5 36.9 35.5 34.2 33.0 
320s 331 9.6 1600 ~2,130 $8.0 54.8 61.8 49.2 46.8 44.8 43.2 41.0 39.4 37.8 36.4 35.2 
340 = 349 10.1 1420 2,265 61.5 58.1 55.1 52.3 49.8 47.6 45.5 43.6 41.8 40.2 38.8 37.4 
360 =. 369 10.7 1500 2,400 65.2 61.6 58.4 55.4 52.8 50.4 48.2 46.2 44.2 42.6 41.0 39.6 
380 =. 390 11.3 1580 2,535 68.8 65.0 61.5 58.5 55.7 53.2 50.8 48.7 46.8 45.0 43.3 41.8 
400 411 11.9 1670 2,670 72.4 68.4 64.8 61.6 58.6 56.0 53.6 51.2 49.2 47.4 45.6 44.0 
420 432 2,000. 76:0 64.6. 61.5: 58.8 86:2 83.8 51.7 40.7 47:9 48.2 
440 452 13.1. 79.6 75.2 71.2 67.6 64:4. 61.6 58.8 55.6 54.2 52.0 50:2 48.4 
460 473 13.7 4020 3,065 84:3: 78.7 74.5 70.8 67.4 64.3 61.5 509.0 56.6 54.5 52.5 50.6 
480 494 14.3. 2000 3,200 87.0 82.0 77.8 73.8 70.4 67.2 64.2 61.6 59.0 56.8 54.8 52.8 
500 = 4515 14.9 2080 3,330 90.5 85.5 80.8 76.8 73.3 70.0 66.8 64.2 61.5 59.2 57.0 55.0 
520 = 535 15.5 2170 3,470 94.2 89.0 84.2 80.0 76.2 72.8 69.6 66.6 64.0 61.6 59.2 57.2 
540 556 92.3. 87.4 83.1.. 79.1. 76.5: 72.8. 69.3. 66.5 63.8 61.5 59.3 
560 577 16.7 2340 3,735 101 95.6 90.8 86.0 82.0 78.4 74.8 72.0 68.8 66.4 64.0 61.6 
580 = 597 17.3. 2420 3,850 105 99.2 94.0 89.2 85.0 81.2 77.6 74.4 71.4 68.7 66.2 63.8 
600 618 17.9 2500 4,000 109 103 o7.2 92.4 84:0 20:4 77.0 71:0 68.4 66:0 
620 639 18.5 2580 4,130 112 106 100 06.4 00:8. 86:7 .$2.9 79.5 76.3 70.6 §8.2 
640 660 19.1 2670 4,270 116 110 104 98.4 93.6 89.6 86.4 82.0 78.8 75.6 72.8 70.4 
660 681 19.7 2750 4,400 119 113 107 101 96.7 92.3 88.4 84.6 81.2 78.1 75.2 72.5 
680 701 20.3 2840 4,530 123 116 110 105 100 33:6 80.4 77.6 . 748 
700 722 20.9 2920 4,660 127 120 113 108 103 86.2 79.8". 76:9 
750 774 =. 22.4 3130 = 55,000 = 136 128 121 115 110 105 100 96.2 92.3 88.7 85.5 82.4 
800 826 23.9 3330 5,330 145 137 130 123 117 112 107 102 98.4 94.8 91.2 88.0 
850 877 25.4 3540 5,670 154 145 138 131 125 119 114 109 105 101 96.9 93.4 
900 926 26.8 3750 6,000 163 154 146 138 132 126 120 115 111 107 103 98.8 


28.4 3960 6,340 
29.9 4170 6,670 
31.4 4370 7,000 
32.9 4580 7,330 
34.3 4790 7,670 
35.8 5000 8,000 
37.3 5200 8,330 
38.8 5410 8,670 
40.3 5620 9,000 
41.8 5830 9,340 
43.3 6040 9,670 
44.8 6250 10,000 
46.3 6450 10,330 
47.8 6660 10,670 
49.3 6870 11,000 


159 150 143 136 130 


199 191 183 176 169 163 
205 196 189 181 175 168 


sponding to the form in which it is ex- 
pressed. 

B. Read required stoker feed rate 
under Btu value column corresponding 
to minimum coal heating value used. 

Nore: Stokers are available only in 
certain sizes or feeding rates. There- 
fore, the actual size stoker chosen 
should be the nearest size above the 
feeding rate required. 


Examples of Determining Stoker Size 


I. Small Apartment Building Heat- 
ing Plant. 


Given: (1) A heating load ascer- 


tained to be 5600 sq ft of connected 
steam radiation, maximum. 

(2) Domestic hot water load is 
included in above figure but no consid- 


148 


eration has been given to piping loss. 

(3) A new steel boiler is to be 
selected and installed. 

(4) Minimum coal specifica- 
tions list a minimum heating value of 
13,400 Btu per pound. 

Solution: (1) From boiler manu- 
facturer’s catalogue or Table I, it is 
found that there is available a boiler 
with an SBI net rating of 6000 sq ft 
of steam radiation which corresponds to 
an SBI gross output rating of 2,160,006 
Btu’s per hr. 


(2a) By SMA standard formula 


2,160,000 
13,400 Btu, X 0.70 (eff.) 


= 230 lb of coal 
per hr 
(burning rate) 


(2b) By interpolating between 
listed values the same burning rate (230 
Ib per hr) is found. 

(3) The nearest standard size 
stoker to this burning rate is likely to be 
250 lb of coal per hr which would be 
selected for this installation. 

II. Medium size combination heat- 
ing and process plant. 

Given: Existing boiler of 200 hp 
(nominal rating) watertube type with 
water cooled furnace walls. Survey 
indicates possible short peak loads up 
to 225% of rated capacity. Minimum 
coal specifications list a minimum heat- 
ing value of 11,500 Btu per lb. 

Solution: (1) Peak output of boiler 
is 200 hp X 225% = 450 developed hp. 

(2a) By SMA standard formula 
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Table 
rate 
} 
vah 
va 
17 
th 
2 
SE 
70% Eff. e 
950 981 160 151 143 136 129 123 118 113 109 104 100 96.9 t 
1000 1040 119114 110106102 
1050 ~=1090 177 < 130 125 120 115 111 107 
: 1100 =1140 185 175 165 157 150 143 137 131 126 121 116 111 1 
: 1150 =1190 193 183 173 164 157 149 143 137 131 126 122 117 
1200 = 1240 202 191 181 171 163 156 149 143 137 132 127 122 
1250 = 1290 210 198 188 179 170 162 155: 149 142 137 132 128 
y 1300 =1340 218 206 196 186 177 169 162 155 149 143 138 133 
; 1350 =: 1390 227 214 203 193 184 173 168 161 154 148 143 138 : 
3 1400 1440 235 222 211 200 191 182 174 167 160 154 148 143 
‘ 1450 ~=1500 244 230 218 207 197 188 180 173 166 159 154 148 
: 1500 1550 252 238 226 214 204 195 186 179 172 165 159 153 
: 1550 = 1600 261 246 233 222 212 201 193 185 177 170 164 158 
: 1600 1655 269 254 241 229 219 208 
: 1650 = 1705 272 262 248 236 224 214 
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Table V—Recommended Continuous Maximum Combustion Rates (for 
2-Hour Peak Loads, Add 10% to Given Rate) 


Maximum Add for 
Combustion Water 
Stoker Size Rate, lb/hr Cooled 
Burning Per Sq Ft Furnaces, 
Type of Stoker Rate, lb/hr Grate Area, Ib Ib.o 
Clinker type with 0-75 10 
refractory hearth 100-200 12 
250-500 15 
Clinker type with 0-250 17 3 
dead plates? 300-650 20 3 
750-1200 23 3 
Dump grate types 
Screw feed 250-1200 26 3 
Ram feed 250-1200 28 4 
Ram feed 1300-3500 30 4 


« Grate area not to be more than 3 times area of retort and tuyere assembly. 

> These figures apply to water cooled side walls that extend to grate level. Apply pro- 
-ata factor when partial refractory side walls are used. f 

Note: These rates depend on stoker size and type only, and do not vary with Btu 


value of coal. 


150 hp X 33,475 Btu/B.H.P. 
11,500 Btu x 0.74 (eff.) 


= 1770 lb of coal per hr 
(burning rate) 


(2b) By interpolating between listed 
values in Table IV the same burning rate 
1770 lb per hr is found. 

(3) Nearest standard stoker size to 
this burning rate would probably be 
2000 lb of coal per hr which would be 
selected for this installation. 


Section Il 


1. Heat Release Rates: (a) Gen- 
eral. Firing or heat release rates may 
be expressed either in terms of Btu re- 
leased per sq ft of grate area per hr 
or as Btu released per cu ft of furnace 
volume per hr. It has been found by 
experience that both have limiting 
rates under a given combination of fuel 
characteristics, boiler furnace, and stoker 
design details and operating condi- 
tions. When the limitation governing 
the maximum practical heat release 
rate per cu ft of furnace volume for a 
given installation is exceeded, smoke 
generally results, and slagging of fur- 
nace walls and boiler tubes may occur. 
In the same manner when the heat re- 
lease rate per sq ft of grate area is ex- 
ceeded, clinkering on grates and tuyéres 
may occur and grates may be damaged. 

(b) Heat Release Per Unit of Fur- 
nace Volume. In the consideration of 
the optimum heat release rate of Btu’s 
per cu ft of furnace volume for a given 
installation its effect on each of the 
several pertinent factors present should 
be evaluated. As it is beyond the 
scope of this manual to discuss and 
evaluate each of these several factors 
connected with furnace volume require- 
ments only recommended maximum 
heat release rates are noted. 

Clinker-type stokers up to and in- 
cluding 100 lb per hr burning rate are 
allowed a maximum heat release rate 
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of 60,000 Btu per cu ft of furnace 
volume per hr. 

All stokers above 100 lb burning rate 
are allowed a maximum heat release 
rate of 48,000 Btu per cu ft of furnace 
volume per hr. 

(c) Heat Release Rate Per Unit of 
Grate Area. As in the consideration 
of the optimum heat release in terms of 
Btu’s per unit of furnace volume, the 
optimum heat release in terms of grate 
area should be selected on the basis of its 
satisfying the several factors present 
that are effected by the heat release. 
Limitations on the scope of this manual 
preclude a detailed discussion on each 
of these items. However, the following 
are especially significant and every heat 
release recommendation of any value 
includes due consideration to them: 
(1) Design characteristics of stoker. 
(2) Construction and configuration de- 
tails of the furnace. (3) Analysis of 
coal to be used: 


(a) Heating value. 
(b) Ash content. 
(c) Ash softening temperature. 


Ideally, the heat release rate for a 
given installation would be in Btu’s 
per hr per sq ft of grate area with 
correction factors for percent of ash 
and ash softening temperature. Table 
V representing the recommendations 
of the Stoker Manufacturers Associa- 
tion avoids the complications involved 
with such a detailed evaluation, but 
gives reasonable consideration to the 
type and size of the stoker and the fur- 
nace wall construction. However, in- 
stead of expressing the heat release in 
terms of Btu per sq ft of grate area, 
it is expressed as burning rate in terms 
of lb of coal per hr per sq ft of grate 
area. Therefore, for a given installa- 
tion the heat release rate in Btu’s per 
sq ft of grate area would be expected 
to vary directly with any changes in 
the heating value of the coals being 
used 


This method of expressing heat re- 
lease appears therefore to give no con- 
sideration to the ash content of the coal 
and the softening temperature of the 
ash. In effect, however, these two fac- 
tors are partly self-compensating as the 
ash content of a coal generally varies in- 
versely as its heating value. Although 
the ash softening temperature is not 
directly related to the percent of ash, 
the majority of the lower ash softening 
temperature coals have higher than 
average ash contents. Consequently, 
the use of a maximum burning rate 
figure will result in lower heat releases in 
Btu’s per sq ft of grate area with lower 
heating value coals than when higher 
heating value coals are used. In this 
way, reasonable compensation is made 
for the effect of ash content and ash 
softening temperature. 

2. Bridgewalls: Bridgewalls, if in- 
stalled, shall be for the purpose of con- 
fining the fuel bed when grate area 
would otherwise be excessive. When 
installed, their height shall be limited 
to cause the minimum loss in radiant 
heating surface, and still contain the 
fuel. This minimum height is usually 
the normal fuel bed height plus six 
inches. If overfire air jets are installed 
in the bridgewall, this height may need 
to be greater, but must not restrict 
the flow of combustion gases. In an 
HRT boiler, good practice is to limit 
the height so that it does not rise above 
an imaginary line which runs from the 
center of the retort (at grate level) to 
the far end and bottom of the boiler 
shell. 

3. Overfire Air Jets: See Section VI. 

4. Stoker Setting: Stokers shall 
be set so that minimum specifications 
for furnace volume, grate area, head- 
room, and furnace draft are complied 
with. (See Tables VI, VII) It is im- 
portant to note again that all of these 
factors are based on the maximum feed 
rate of the stoker, not on boiler size or 
load. 

In front installations, sufficient clear- 
ance must be provided between the 
boiler front and the stoker hopper so 
fires can be easily cleaned. 

A rear installation is sometimes ad- 
vantageous and is permissible. With 
the exception of class 1 and class 2 
stokers, side installations should be 
avoided if at all possible. If necessary 
to install the stoker from the side, spe- 
cial consideration must be given to 
clearance between retort and sidewalls, 
and to provision for completely clean- 
ing the fire. If a side installation of 
stoker with feed rate of 250 lb per hr 
or larger is made, a clean-out door (or 
doors) shall be provided in the side of 
the firebox opposite the entry of the 
coal tube, of sufficient size and in such 
location that fires can be cleaned 
through this door (or doors). A dis- 
tance equal to at least the width of the 
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Table Vi—Stoker Setting Specifications (Clinker-Type Stokers) 


Stoker Size - Minimum Firebox Specifications ~ Minimum 
(Maximum Head rate Area-Square Furnace Overfire 
Stoker Room ‘ Water- Volume, Draft, 
Burning Height, * Ref. Furnace Cooled Cubic Inches of 

Rate), Lb/Hr Inches Hearth Walls Furnace Feet Water 
A B C D E F G 

15 17.5 1.50 — _ 3 0.042 

20 18.0 2.00 4 0.042 

25 18.5 2.50 — — 5 0.043 

30 19.0 3.00 6 0.043 

35 19.5 3.50 _ — 7 0.044 

40 20.5 4.00 — 8 0.044 

50 21.5 5.00 —_ — 10 0.045 

60 22.5 6.00 — — 12 0.046 

75 24.0 7.50 15 0.047 

100 27.0 8.33 oa —— 20 0.050 

150 28.5 12.50 8.82 7.5 38 0.055 

200 30.0 16.67 oe ef 10.0 48 0.059 

250 31.5 — ! 14.70 12.5 63 0.064 

300 33.0 15.00 13.0 75 0.068 

350 34.5 — 17.56 15.2 88 0.073 

400 36.0 _— 20.00 17.4 100 0.077 

500 39.0 — 25.00 21.7 125 0.087 

600 42.0 _— 30.00 26.00 150 0.096 
750 46.5 —_ , 32.61 28.9 188 0.10 
800 48.0 _ 34.78 30.8 200 0.10 
1000 54.0 _ 43.48 38.46 250 0.10 
1200 60.0 _ 52.17 46.15 300 0.10 


For Coals of Other Than 12,000 Btu per Pound as Burned, Multiply Figures 


Btu/Lb 


in Column F by the Following Factors: 
Factors Btu/Lb 


firebox must be provided between this 
door (or doors) and the nearest wall to 
allow proper use of cleaning tools in 
the fuel bed. 

5. Fire Doors: All fire access doors 
for clinker type stokers must be so 
located that a line from the inside 
lower edge of the opening to the junc- 
tion of the hearth (or dead plates) and 
the nearest edge of the retort makes 
angle of 45 degrees or less with the hori- 
zontal. 

6. Stoker Pitting: If a stoker is 
pitted, sufficient clearance must be 
provided between the sides of the pit 
outside the boiler and the stoker so 
that (1) firebed can be cleaned with 
convenience, (2) stoker can be serviced, 
(3) coal screw can be removed and (4) 
flow of air into fan inlet is not restricted. 
Provision must be made to keep pits 
free of water. 

7. Combustion Air: Outside air 
for combustion must be provided. 
This sometimes means providing a 
special opening from the outside into 
the boiler room. In such a case; the 
area of this opening shall be not less than 
3/, of the required chimney area for all 
boilers installed in the room. Under 
no circumstances shall a boiler room be 
ventilated by withdrawing air from the 
rooms since this would destroy ‘‘draft.’’ 
Combustion air may be introduced into 
the boiler room by means of a fan, if de- 

sired. 

8. Down-Draft Boilers: Installa- 


tion of stokers in down-draft boilers 
must be considered on an individual 
basis and approved by the proper au- 
thorities. 

9. Miscellaneous: Adequate firing 
tools shall be specified either as part of 
stoker packege or as auxiliary equip- 
ment. Maintenance instructions must 
be supplied on each installation. 


Section Ill 


Chimneys and Breechings 


Table VIII gives recommended speci- 
fications for stacks or chimneys for 
stokers burning up to 1000 lb/hr. For 
sizes above this, or for special installa- 
tions, approval of design must be ob- 
tained from the proper authorities. 

Breeching shall be as straight and as 
short as possible. It shall be at least 
equal in cross-sectional area to the total 
area of all boiler flow connections lead- 
ing to it. Additional area up to 20% 
may be specified to accommodate con- 
tingencies beyond average conditions. 
Adequate provision must be made for 
any smoke detection equipment, draft 
control dampers, or other devices 
needed on the installation. Smoke 


breeching between boiler and chimney 
should have properly located clean-outs 
so that entire breeching is accessible for 
cleaning. 

Whenever possible a fly-ash settling 
chamber shall be provided at boiler or 
in the base of the stack; a clean-out 


door shall be provided in this chamber. 
Consideration should be given to pos- 
sible wetting down of the collected fly 
ash to prevent reentrainment; and to 
the installation of a gate or damper 
between the chamber and the stack, 
for use when chamber is being cleaned. 
Stack spraying of fly ash is not satis- 
factory if vacuum removal of collected 
ash is contemplated. 

In every installation, a clean-out 
door shall be installed in the base of the 
stack even if no special settling cham- 
ber is provided. 

Chimney must rise at least four feet 
above a flat roof and at least two feet 
above the crown of a peak roof. 


Recommended Minimum Stack Sizes 


Table VIII is given as a guide to 
selecting proper stack dimensions. 
Since draft losses in breeching and 
through different boilers vary widely, 
no hard and fast rules can be laid down. 

In general, stack size is determined 
by totalling all draft losses plus over- 
fire draft requires when coal is being 
burned at the maximum rate, and by 
similarly determining gas volumes and 
temperatures under maximum load 
conditions including an allowance of 
25% for leakage. 

It is especially important to design 
stack and breeching for maximum load 
conditions, not average load, and to 
use maximum stoker burning rate in- 
stead of boiler rating. 
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Table Vil—Stoker Setting Specifications (Dump-Grate Type) 


Minimum Firebox Specifications 


~ 


Grate Area, Square Feet 


Ref. Furnace 


Walls 
Ram 
Feed 


Mir imum 
Furnace 


For Coals of Other ama Btu per Pound as Burned, 
t 


Factors 


Multiply Column G by the Following Factors: 
Btu/Ib Factors 


When induced draft fans are used, 
their design becomes a special problem 
and must be judged by the proper 
authorities. 

Marks Mechanical Engineers Hand- 
book is one reference which may be 
used in designing a stack. 

The height of chimney specified in 
Table VIII will provide sufficient draft 
for boilers or furnaces with average 
draft loss through the boiler; for boilers 
with exceptionally high draft loss re- 
quiring chimneys to be specified by 
manufacturer of boiler higher than 
those specified in the table, the chim- 
ney height specified by the manufac- 
turer shall be required. 


Induced Draft Fans 


In installations were induced draft 
fans are provided, the following condi- 
tions shall be met. 

1. Size of fan shall be based on 
maximum stoker burning rate. 

2. A turn damper shall be installed 
between boiler outlet and fan inlet. 

3. The chimney must rise at least 
four feet above the top of any nearby 
buildings. The chimney must rise at 
least four feet above flat roofs and not 
less than two feet above the highest 
ridge. If projections exist on top of 
building interferring with draft, chim- 
ney must be four feet higher than 
projections. 

4. Adequate space must be pro- 
vided between damper and boiler out- 
let for installation of smoke detection 
equipment. Draft and temperature 
gages when applicable. 

5. Fan controls must be properly 
interconnected with stoker control sys- 
tem. A draft failure cutoff switch to 
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shut down the stoker when induced- 
draft fan fails to operate; and a time- 
delay switch to prevent stoker fan from 
operating until induced draft fan has 
created proper overfire draft, shall be 
provided as part of induced draft fan 
control system. 


Section IV 


fications for stokers: size, type of 
boiler and stoker; furnace type and 
configuration; flame travel; surface 
(refractory, water cooling); type of 
grate (stationary or moving, dead 
plate or dump grate); load character- 
istics, ete. Coals with caking charac- 
teristics may be improved by reducing 


Stoker Coal Specifications 
Various factors influence coal speci- 


bottom size. 

With the above limitations, the fol- 
lowing coal specifications are recom- 
mended in Table IX. 


Table Vill—Chimney Data 


Actual 
Inside 
Dimensions 
of Flue 
Liner, 
Inches 


Outside 
Dimensions 
of fire clay 
Flue Liner, 

Inches 


Inside 
Dimen- 
sions of 
Round 

Flue, 
Inches 


Minimum 
Stack 
Height, 
Feet 


81/2. x 13 7x 11!/2 
7x 11'/2 
7x 11'/. 

11!/, x 1l!/, 

11'/, x 161/, 

15/4, x 153/, 

153/,x 171/, 

x 17'/, 


Note 1: The maximum burning coal rate for the size chimney shown is the burning 
rate in Column A. For example, for 175 lb coal, use 20 in. x 24 in. x 50 ft chimney. 
Note 2: Where the boiler manufacturer’s chimney specifications are available, the 


manufacturer’s specifications should be used. 


Note. 3: For boilers larger than sizes covered above, refer to boiler manufacturer’s 


specifications. 


Nore 4: Use of an induced draft fan can reduce stack requirements. 


If one is used, 


stack must still extend at least four feet above the top of any nearby buildings. 


Maximum Head all Water Cooled Po 
Stoker Room Furnace—— — ——. Volume Draft, 
- Feed Rate, Height, Screw Screw Ram Cubic Inches of : 
Lb/Hr Inches Feed Feed Feed Feet Water : 
A B Cc D E F G H : 
250 8.6 8.06 7.81 63 0.064 
300 10.34 9.10 9.37 75 0.068 
350 12.07 11.30 10.93 88 0.073 
400 13.81 12.90 12.50 100 0.077 
500 17.24 16.32 15.60 125 0.087 ; 
600 20.70 19.61 18.75 150 0.096 
750 25.86 24.19 23.43 188 0.10 
1000 33.80 32.64 31.25 250 0.10 a 
1200 41.38 38.70 37.50 300 0.10 
1500 45.45 375 0.10 
2000 60.60 500 0.10 
2500 _- 75.75 - — 57 625 0.10 
3000 — 90.90 -- 81.07 750 0.10 
3500 106.06 94.59 875 0.10 
9,000 0.75 11,500 0.96 
9,500 0.79 12,500 1.04 
10,000 0.83 13,000 1.08 
10,500 0.87 13,500 1.12 
11,000 0.92 14,000 
Max. 
Stoker 
Burning | 
Rate, Actual 
Lb Per Area, : 
Hour Sq In. 
15 81 8 25 ey 
30 81 8 25 A 
35 81 8 30 
50 1 127 10 30 : 
60 1 183 12 35 | ag 
75 1 248 14 35 “ 
100 1 276 16 40 A 
150 298 18 45 z 
200 357 20 50 : 
250 24 x24 21 x 21 441 22 55 
300 24 x 24 576 24 55 
350 24 x 28 672 26 60 
400 28 x 28 784 28 60 : 
500 28 x 28 784 28 65 e 
600 28 x 32 896 30 65 | 
750 32 x 32 1024 32 70 ae 
800 32 x 36 1152 34 70 2. 
1000 36 x 36 1296 36 80 
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Table IX—Recommended Permissible Size Range 


Coal, AST 
Lb/Hr Size Top Bottom Ash 
0-75 3/, in. x in. 1 in. 10 Mesh 5-8 2000-2500 
76-250 in. x 0 in. 30% through !/,in. 6-8 2000-up 
251-800 11/, in. x 0 in. 2 in. 


30% through '/;in. 6-10  2000-up* 
2300° 


30% through '/,in. 6-10  2000-up* 
6-10  2300-up? 


801-3500 11/, in. x 0 in. 2 in. 


Nore: Dump-grate stokers are considered capable of using coals with varying AST 
°F. The minimum to maximum available in most markets. Unusual conditions related 
to the stoker setting, stoker equipment, load characteristics, coal size consist, etc., may 
dictate slight deviations from the minimum figures noted. As a general rule a given 
coal in a double-screened preparation reasonably free of fines will burn with a more satis- 
factory clinkering condition than the same coal containing a high percentage of minus 
1/, in. size in its size consist. 

* Water-cooled furnaces (steel firebox or water-wall boiler) 

> Refractory lined furnaces. 


Table X—Volume of Overfire Air Recommended — 


Heating Value of —Volume of Air,* cfm per lb of Coal Burned per hr— 


Coal Being Burned, Light oderate Heavy 
Btu per lb Smoke Smoke Smoke 
11,000 0.18 0.37 0.55 
12,000 0.20 0.40 0.60 
13,000 0.22 0.43 0.65 
14,000 0.23 0.47 0.70 


* Air quantities at 70°F. 

Nore: 1. Normal design should be based on ‘moderate’? smoke of Table IX. 2. For 
smoke resulting only from “start-stop” stoker control—use factors under heading 
“Light”? of Table IX. 3. For smoke resulting only from cleaning of small underfeed 
stokers—use factors “Heavy” of Table IX. 


Table Xi—Location of Air Jets 


Preferred 
Boiler Location Acceptable Location 
Steel fire-tube Bridgewall (a) Tubes for jets may be rolled 
into water legs 
(b) Front wall 
Cast iron Bridgewall (a) Front wall 
HRT Bridgewall (b) Sidewall 


Table Xili—Number of Overfire Jets Recommended for Various Lengths of 
Walls and Lengths of Jet Penetration (See note for Jet Spacing) 


Length of 
Furnace Wall 
Where Jets Length of Penetration, 
Installed, Ft 4 5 6 7 9 
4 9 7 6 5 
5 11 9 8 6 5 5 4 4 
6 he AS | 9 8 7 6 5 4 4 4 
7 6° 38 21 9 8 7 6 5 5 4 4 3 
8 9 8 7 6 6 5 4 
9 9 8 7 7 6 56 5 


Note: Jets should be equally spaced across the length of the wall. Determine spacing 
as follows: 


Length of wall in inches where jets installed Jet Mori Mey 
Wo. of jets + one (1) _ = Jet spacing in inches 


Example: Select number of jetsc orresponding to 10 ft length of penetration and 8 ft 
length of furnace wall (left column): answer is 7 jets. 


Thus: Seat = 12 in. spacing between jets. 


Section V 
Basic Stoker Controls 


Minimum Specifications 


(a) 0-500 lb per hr of coal (stoker 
burning rate): Steam—Low water cut- 
off; high limit pressure control. Hot 
water—High limit hot water tempera- 
ture control. 


Operating Controls 


For space temperature control: (1) 
Thermostat (indoor and/or outdoor 
type), (2) outdoor type ‘‘weather” con- 
trol. 

For constant steam pressure: On-ofi 
control actuated by steam pressure. 

For constant boiler water tempera- 
ture: On-off control actuated by boiler 
water temperature. 

Controls for all installations: hold- 
fire timer; barometric draft damper; 
manual damper (between boiler outlet 
and barometric damper). 

(b) 551-800 lb per hr of coal: Use 
above specified items, and instead of 
barometric damper, install modulating- 
type sequence draft control. 

(c) 801-3500, lb per hr of coal: 
Low water cutoff; water level control; 
windbox pressure gate; furnace draft 
gage; flue temperature indicator (op- 
tional); smoke indicator or recorder; 
modulating type sequence draft con- 
trol; modulating type combustion con- 
trols. 


Section VI 
Overfire Jet Systems 


Stoker installations burning more 
than 400 Ib per hr of coal each should 
be equipped with an overfire air jet 
system. The design of this system 
should be based on the procedure out- 
lined below which is based on “Ap- 
plication of Overfire Jets to Prevent 
Smoke from Stationary Plants,’ pub- 
lished by Bituminous Coal Research, 
Inc., Pittsburgh, Pennsylvania. 

An effective and efficient overfire air 
jet system for the abatement of smoke 
requires careful consideration of num- 
ber, size, spacing, and elevation of the 
air tubes above the top of the fuel bed; 
also the capacity of the blower. Fur- 
thermore, the header and/or duct that 
conveys the air from the blower to the 
tubes should have no sharp bends or 
abrupt changes in cross-sectional area. 
When the duct velocity does not greatly 
exceed 2000 fpm, there will be low pres- 
sure drop between blower discharge and 
air tubes. 

Figure 1 shows a sketch of a furance 
fired by underfeed stoker and lists the 
essential features which are necessary 
to realize the two basic objectives of 
overfire jets: (1) introduce the turbu- 
lence and overfire air close to the fuel 
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Fig. 1. The essential features for efficient blower jets. (D) diameter of air tube; (S) spacing of air tube; (N) number of air tubes; (E) elevation of air 


tubes above fuel bed; (H) size of header duct; (B) blower (or fan) capacity; (P) aim air tubes at a point approx 4 in. above top of fuel bed. 


bed when the hydrocarbons are re- 
leased and (2) provide full coverage 
over the entire fuel bed. 

The term “length of jet penetration,” 
as mentioned in this book, means the 
distance that jets of air must blow to 
penetrate the smoking areas. Although 
smoking might be confined to a limited 
portion of the grate, it is usually best to 
design the jets for full grate coverage. 
With this basis of design there is ‘‘jet 
action”’ available for the entire fuel 
bed if change in firing practice or coal 
alters the smoking area. 


Basic Data Required for Design of 
Blower Jets 


In order to design modern jets, the 
following basic information is required. 

1. Maximum weight of coal burned 
per hour. 

2. Heating value of coal (approxi- 
mate Btu per lb as fired). 

3. Application condition (see Table 
I Note). 

4. Length of grate. 


Design Procedure 
Step 1—Blower Capacity 

Determine by using the maximum 
coal burned per hr and Table [IX the 
c.f.m. of overfire air to be supplied by 
the blower. Max lb coal burned per 


hr X cfm air per lb coal burned per 
hr = Blower capacity in cfm. 


Step 2a—Jet Location 


Determine furnace wall where jets 
can be most advantageously installed. 
Table X may serve as a guide. 


Step 2b—Jet Elevation 


Jets should be installed to point hori- 
zontally. The projected jet stream 
should clear the top of the fuel bed ap- 
proximately 4 in. This means that the 
jets will normally be installed 16 in. to 
18 in. above the tuyeres. 
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Nore: In certain small installations 
it may be necessary to point the jets 
slightly above the horizontal. 


Step 3—Number of Jets 


The number of jets required depends 
on the jet location (see Step 2a) and 
the required penetration. Use Fig. 2 
to establish these dimensions and use 
Table XI to determine number of jets. 

For stokers 400 to 750 lb per hr of 
coal where Table XII may not be ap- 
plicable, use three to seven jets depend- 
ing upon coal rate and available blower 
characteristics. 


Length of wall in inches 
where jets installed 
No. of jets + one (1) 
Jet spacing in inches 


Example: Select number of jets 
corresponding to 10 ft length of pene- 
tration and 8 ft length of furance wall 
(left column): Answer is 7 jets. 

8 ft X 12in. per ft _ 
7+1 

12 in. spacing between jets 
Step 4—Air Per Jet 


Determine cfm of air to be handled 
by each jet as follows: 


Thus 


Total cfm air (from step 1) _ 
No. of jets (from step 3) 
efm of air per jet (air tube) 


Step 5—Air Tube Size and Blower 
Pressure 

Determine, by means of Fig. 3, the 
size of air tube and air pressure required 
as follows: Locate length of penetration 
(see Fig. 2) on scale “A”’ of Fig. 3; pro- 
ceed vertically upward. Locate efm 
of air per jet (from Step 4) on scale 
“B”’; proceed horizontally to the right. 
When these two lines intersect spot 
point on nearest size of air tube; pro- 
ceed vertically to the same tube size in 
upper set of curves. At this point, 
proceed horizontally to the left and read 
air pressure for blower jets on scale 

Figure 3 is based on a coefficient of 
discharge of 1.0. This condition can 
be realized by providing a bell-mouth 
entrance from manifold to nozzle pipe as 
shown in Fig. 4. The simpler system 
as shown in Fig. 5 has a coefficient of 
discharge less than unity and the co- 
efficients shown in Table XIII must be 
used in connection with Fig. 3 in order 
to obtain ‘‘true’’ flow conditions: 


Front Wall 


Side | 
Wwoll Yj 


Reor Wall 


Side 
Wall 


—— Length of Ft of—-. 


Location Jet Wall Where 
of Jets Penetration Jets Located 

Front wall L WwW 

Rear wall L Ww 

Side wall Ww 


L 
W = width of grate in feet. L = length 
of grate in feet. 


Fig. 2. Guide for determining length of jet penetration and length of wall where jets are located. 
When locating jets in the rear wall of underfeed stoker fireboxes use L-1 foot. This will minimize the 
possibility of flame and gases striking the operator if the front doors are opened with jets turned on. 
Even with this design—be alert at all times. 
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Step 6-—Duct Size 


Determine size of duct between 
blower and air tubes by means of Fig. 
6. Locate air volume of blower (from 
Step 1) on line “AA,” proceed down- 
ward to line “BB” where cross-sec- 
tional area is shown; proceeding to 
line “CC” give the diameter of duct 
having equivalent cross-sectional area. 


Method of Control 


The following automatic control sys- 
tems should be used in conjunction with 
overfire air jets. For maximum burn- 
ing rate of: 

(a) 400 to 800 lb per hr of coal: 
Use time-delay relay (range 0-5 min- 
utes). The time-delay relay is in- 
tended to run the overfire system after 
the stoker stops. 

(b) 800 to 3500 Ib per hr of coal: 
Use photo-electric controller to operate 
the overfire air jet system. 
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Fig. 3. Calculating size of air tube and air pressure. 


Construction of Blower Jets 


The air tubes and the header duct 
may be constructed of standard pipe 
and fittings. To provide smooth flow 
of air between blower discharge and air 
tubes, there should be no sharp bends, 
abrupt contractions or expansions. 
This may be accomplished between 
blower discharge and header duct by 
locating the blower so that it discharges 
the air in a straight line directly into the 
header duct. The air duct between 
discharge and air tubes should have a 
cross-sectional area quite close to the 
size as determined from Fig. 6. Any 
decrease in duct cross-sectional area 
will reduce the jet effectiveness. 

Smooth flow between header and air 
tube may be realized by use of one or 
more reducing couplings as shown in 
Fig. 4. The diameter of the connecting 
pipe from header to nozzle must be at 
least twice the nozzle diameter. 


In smaller installations it is usually 
more practical to construct a system 
such as shown in Fig. 5. Allowances 
must be then made for the increased 
pressure losses as outlined under Step 5 
above. 

Every effort should be made to pro- 
vide a duct system and blower located 
as recommended in the above para- 
graphs. When necessary to deviate, 
the blower static pressure should be 
increased in order to compensate for 
added pressure resistance in the system. 
As a guide, add 0.5 in. of water for each 
90 deg turn that is incorporated in the 
duct connecting the blower discharge 
and header. 

If desired, the header duct and air 
tubes may be constructed of sheet 
metal with the required stiffening mem- 
bers as suggested by heating and venti- 
ating practice. 
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Glossary of Terms 


Ash Fusion Temperature: same 
as “ash softening temperature’ (see 
below). 

Ash Softening Temperature: ac- 
cording to the ASTM Standard 
Method D 271-48, it is the tempera- 
ture at which a standard cone of ash 
fuses to a spherical lump. This 
temperature is approximately related 
to the likelihood of coal ash to form 
clinkers. 

Base Height: the distance from 
the floor to the bottom of the water 
leg on firebox boilers. 

Boiler Horsepower: the evapora- 
tion of 34'/, lb of water per hr into 
dry saturated steam from and at 
212°F. One boiler horsepower is 
equal to 33,475 Btu per hr. In the 


Fig. 5. 
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Fig. 4. Cross-sectional views showing typical blower jet assembly in front wall. 


table, boiler horsepower ratings are 
based on gross output. 

Burning Rate: maximum coal 
burning rate of stoker in pounds per 
hour. 

Combustion Rate: pounds of coal 
burned per hr per sq ft of grate area. 

Design Load: the maximum con- 
tinuous load on the boiler represented 
by the total of the net load plus an 
allowance (sometimes called ‘“‘piping 
tax’’) for the estimated heat emission 
(Btu per hr or EDR) of the piping 
connecting the radiation to the boiler. 

Equivalent Direct Radiation 
(EDR): a unit of heat delivery 
either: 240 Btu per hr (EDR steam) 
or, 150 Btu per hr (EDR water) at 
standard conditions. 

Furnace Volume: the cubical con- 
tent of the space between the surface 
of the dead plate and the first place 
of entry into the gas passages. Where 
bridgewall is used, the volume above 
and beyond the top of the bridgewall 
shall be considered as furnace volume. 

Grate Area: the projected area 
bounded by the furnace walls at the 
hearth, dump grate or dead plate level. 
Bridgewall, when used, shall be 
considered as furnace wall. 

Gross Load: the maximum load 
to be supplied at the nozzle of a 
boiler outlet represented by the total 
of the design load, plus an allowance 
(called the pickup allowance) for 
an increase in the normal load due 
to heating up the cold system. 

Gross Boiler Output: the maximum 
quantity of heat available at the 


ZA 
12" 
i2" } 


boiler nozzle. Generally used when 
referring to heating boilers. 

Head Room: See Setting Height. 

Heat Release: the quantity of 
heat expressed in Btu per hr released 
in a combustion chamber per cu ft 
of the furnace volume. 

Net Load: (also referred to as 
Direct Standing Radiation). The 
standing radiation physically installed 
and to be heated expressed in terms 
of sq ft of cast iron radiation. This 
should include all auxiliary loads such 
as water heaters, convectors, unit 
heaters, etc. It does not include any 
allowance for piping and/or pickup. 

Overfire Draft: the draft measured 
in the combustion chamber of the 
boiler in inches of water. This is 
to be measured at a time when the 
stoker is operating. 

Peak Boiler Output: synonymous 
with gross boiler output. Generally 
used when referring to power boilers. 

IBR Gross Boiler Output: In- 
stitute of Boiler and Radiator Manu- 
facturers’ rating of a cast iron boiler 
in terms of the quantity of heat 
available at the boiler nozzle. 

IBR Net Rating: Institute of 
Boiler and Radiator Manufacturers’ 
rating of a cast iron boiler in terms 
of the recommended net load it will 
serve and still provide an adequate 
reserve for normal piping and pickup 
load. 

SBI Net Rating: Steel Boiler 
Institute rating of steel firebox boiler 
in terms of the recommended net 
load it will serve and still provide an 
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Fig. 6. Determining size of duct. 


tH 
MANIFOLO. 
155 


Table Xill—Correction Factors 


adequate reserve for normal piping 
and pickup load. 


ir uaa SBI Rating: Steel Boiler Institute 
Entrance Condition Construction Discharge Factor rating of steel firebox boiler in terms 
Nossle pipe end flush with of the recommended Design Load 
inside manifold Welded or screwed 0.82 1.49 it will serve and still provide an ( 
Nozzle pipe end protruding adequate reserve for normal pickup 
into manifold Welded or screwed 0.7 1.85 load. 


3 
Based on Buffalo Forge Handbook, pages 116 and 131. Setting Height (Head Room): the 
vertical distance from the plane of the 
dead plates, the hearth surface or 
the stoker grates to the level of the 
nearest metal surface or the crown 
sheet or top of the furnace over the 
retort of the stoker. In locomotive 
or single or two-pass firebox boiler, 
the headroom is the slant distance 
from the edge of the tuyere blocks 
(nearest back of firebox) to the lowest 
row of firetubes. 


Nore: 


1. Coefficient of Discharge: Use when air pressure in manifold and air tubing diameter 
are given. Obtain true discharge by multiplying air quantity from chart with coefficient 
of discharge. 

2. Pressure Factor: Use when air quantity and air tube diameter (or length of penetra- 
tion) are given. Obtain required manifold pressure by multiplying air pressure from 
chart by the pressure factor. 


Resolution of Outstanding Service 
7 Warry DUsier 
on leaving office oF Executive Secretary 


Whereas the Board of Directors of the Air Pollution 
Control Association recognizes the high qualities of dedicated 
service, Reen judgment and rare wisdom o 


Hatry M.Pier, and 


her CAS the Board of Directors also recognizes the en- 
during modesty of its Executive Secretary despite his 
capability and the firm guidance of his leadership, n4 


Whereas the 3oard of Directors acknowledges its 
deep debt of gratitude to Harry M.Prer as Executive =z 


ag his devotion to the furtherance of the causes oF 
the Air Pollution Control Association, 


Beit Resolved that this unanimous expression of the 
Joard of Directors extolling his true virtues and ing 
its appreciation for his fine work be presented to him upon the 
eve of his retirement from the position of Executive Secretary, and 

%Be it Further Resolved that the blessing of good health, 


oot fortune and long, happy life accompany him as he leaves 
he service of our organization. 


The Board of Directors of the “ir Pollution Control Association 


at its meetinig Sunday, June passed the above resohutiors. 


HARRY M. PIER—For outstanding service to APCA, Harry M. Pier, former executive secretary, was honored by the APCA Board of Directors on June 21, 


1959. Mr. Pier has been presented with a beautifully framed, hand drawn copy of this resolution which cites him for his dedicated service, keen judge- 
ment and rare wisdom. He resigned his position of executive secretary on July 1. 
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CRITIQUE of the Article: 
COUNTERACTANTS for the Treatment of STACK GASES 


The Validation of Odor 
Counteraction Performance 


It is the objective of odor coun- 
teraction procedures to abate odor 
nuisances, while simultaneously de- 
creasing the intensities of any perceived 
odors. When the decrease of odor 
intensity by counteraction approaches 
completion, the process is called ‘odor 
cancellation.” 

The evaluation of the efficacy of an 
odor counteraction performance, there- 
fore, requires a determination of the 
degree to which the odor nuisances 
have actually been abated, and the 
degree to which the intensities of the 
subject odors have been reduced. 


Hedonic Scaling 


Referring, first, to ‘degree of abate- 
ment,” what meaningful approaches to 
measurement are available to use? 
Pilgrim! has recently stated that “pleas- 
antness or hedonic tone is the most 
important characteristic or dimension 
associated with odors.” Mr. First 
also states that the “pleasantness or 
unpleasantness of the odor is considered 
to be a more reliable guide to accept- 
ability by the public-at-large than 
information on relative odor intensity or 
any other single odor characteristic.” 
It is, in this regard, difficult to tell 
what First means when he implies that 
odor counteraction successes should be 
supported by “objective, factual data.” 
It is unrealisite to expect that the nose 
will ever be “replaced” by an “‘instru- 
ment” which measures hedonic re- 
sponses to olfactory stimuli. We must 
recognize that all our scientific informa- 
tion ultimately reaches us by sensory 
routes. The difference between “ob- 
jective” and “subjective” data cer- 
tainly cannot be defended on the 
grounds that one kind of information is 
perceptual and the other is not. Pilgrim 
deplores “the naivete of people who 
deny their own abilities, who dismiss 
the evidence of their own senses as 
‘subjective.’ ” 

If we accept, then, the requirement for 
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On June 4, 1959 Mr. Turk 
was retained by Airkem Inc. of 
New York to evaluate the article 
by M. W. First on ‘‘Effective- 
ness of Odor Counteractants in 
the Treatment of Stack Gases,”’ 
which appeared in the May, 
1959 Journal of APCA, and to 
extract from it any conclusions 
which might be important to 
validation of odor counteractant 
procedures. The article pub- 
lished herewith is the full text 
of his report to Airkem Inc. 


hedonic evaluation, we are confronted 
with several questions: (1) What 
rating scale may be used? (2) What 
judges should make the appraisals? 
(3) Under what conditions should the 
tests be carried out? With respect to 
scaling, we must recognize that most of 
us have many levels of “like” and 
“dislike.” Peryam and Pilgrim? have 
used a nine-point scale, as follows: 
1. Like extremely. 


2. Like very much. 

3. Like moderately. 

4. Likeslightly. 

5. Neither like nor dislike. 
6. Dislike slightly. 

7. Dislike moderately. 

8. Dislike very much. 

9. Dislike extremely. 


For handling the data, Pilgrim! 
states, ‘For practical purposes the 
data are quantified by assigning suc- 
cessive integers to the descriptive 
categories of the scales and then ap- 
plying standard statistical techniques.” 

Mr. First uses simply a two-point 
scale, as follows: 

1. Unobjectionable = pleasant. 

2. Unpleasant = objectionable. 

Aside from semantic confusion (the 
prefix un- may denote either good or 
bad, depending on the word selected, 
compared with Pilgrim’s prefix dis-, 
which is unequivocal), the scale used by 
First grossly lacks precision. For 
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example, hedonic improvement of there 
units on the Peryam-Pilgrim scale, 
from point nine to point six, would 
not be indicated at all on the First 
scale. The possibilities of misleading 
conclusions from the serious limitations 
of a two-point scale are obvious. 


Selection and Calibration of Judges 


The panel of judges which is ultimately 
relevant to the appraisal of odor nui- 
sance abatement is the affected popula- 
tion itself. This means that a choice 
must be made between an odor survey 
by a large segment of the affected 
population, and the use of a select 
jury or panel. Both choices have been 
made at times in the past. The Louis- 
ville odor study® used segments of the 
city populace for rating of odor data; 
past and current work in Cincinnati® 
has also been of the survey type. 
Pilgrim and his group!? have used 
relatively large panels (20 or more) of 
“randomly selected subjects.” Other 
groups have, of course, used smaller 
panels. There is little doubt that, in 
the last analysis, the entire affected 
population must be the measuring 
instrument. Even in the field of 
products so readily predisposed to 
“objective” evaluations as automobiles, 
ultimate hedonic appraisal is always 
the acceptability to the consuming 
public. For validation of an odor 
counteraction procedure, then, the ulti- 
mate objective, and hence the ultimate 
measuring guide, must be the cessation 
of nuisance complaints from the pop- 
ulace. Turk‘ has stated, ‘“The ultimate 
evaluation of any method of odor 
abatement must demonstrate the extent 
to which the adverse effect on people 
has been controlled.” It would be 
helpful, and no doubt more of such 
work should be done, to have statistical 
“before and after’ complaint informa- 
tion on a larger scale than has hereto- 
fore been collected and reported. Such 
tasks are undertakings of considerable 
magnitude and can best be handled by 
air pollution control agencies which 
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can collect data in a locality over a 
period of months or years. 

The selection of a small panel to 
at*empt to simulate such an effort is 
fraught with experimental peril. The 
most important requirement (and the 
one usually neglected) is that the panel 
members be representative of the 
general reference population in their 
odor likes and dislikes. An attempt 
was made at such preference validation 
by R. Turk.* She constructed odor 
preference orders for 12 selected odor- 
ants among a large group of subjects. 
A smaller “panel” of subjects was then 
chosen by selecting the individuals 
whose preference listings most closely 
typified the overall group preferences. 

Mr. First has made no hedonic panel- 
to-population transfer whatever. The 
selection of plant employee personnel, 
and the statement that “their reaction 
to foul odors would be less intense 
than that of the population in general” 
has no statistical basis. It is equally 
conceivable that individuals who are 
familiar with an odor are especially 
alert and sensitive to it. 


Presentation of Stimulus 


The manner of presentation of the 
stimulus is no less important than the 
selection of panel members. In the 
“real” situation (the. one from which 
complaints initiate) the stimulus may be 
perceived at unexpected times, and 
under conditions where the perceiver is 
otherwise occupied. In the “test” 
situation the perceivers are, of course, 
alerted. Data from one situation can- 
not be automatically assumed, as 
First has done, to apply to the other. 
The attendant interpretive problems 
are elaborated in the next section. 
In any event, the order of presentation 
in the test situation should be random- 
ized. First’s method of selection of 
test conditions by the operator, is not 
statistically valid randomization. It 
is well recognized that panel members 
may try to out-guess or anticipate the 
operator’s selection. Therefore, it 
would be proper to use an impersonal 
procedure such as selection from a 
table of random numbers. 


Statistical Interpretation 


If a panel test cannot duplicate ‘“‘real”’ 
perceptual situations, does this mean 
that it is useless? Certainly not, 
but it must be interpreted properly. 
If conditions are reasonably well con- 
trolled, a panel test should indicate 
whether or not there has been hedonic 
improvement. In other words, is the 
“abatement”? going in the direction 
toward increased acceptability? The 
later conversion to the “absolute” 
scale of the general population can 
come only with field experience. 

Let us, then, attempt a statistical 


interpretation of First’s data (Table I) 
to answer only the question: ‘Has coun- 
teraction produced an improvement in 

* odor acceptability, and, if so, with what 
confidence can this statement be made?” 
It is useless to ask “how much improve- 
ment?” because of the severe limitation 
of First’s two-point scale. We may 
construct a table to give total number of 
pleasant responses from his panel 
when counteraction is used and when 
it is not. We will apply the “student’s 
t”’ test to determine the statistical 
reliability of the difference between the 
two means obtained. 

The data below taken from Mr. 
First’s Table I show that the average 
number of “pleasant’’ responses was 
4.6 when counteraction was used, and 
2.3 when it was not used. Is this 
difference between the two means 
statistically significant, and, if so, at 
what level of confidence? From calcula- 


Number of “Pleasant” Responses 
from First’s Table | 


Experi- 
ment Counteraction Counteraction 
Number Used Not Used 
1 4 — 
2 — 2 
3 7 _ 
4 5 
5 
6 3 
7 4 
8 3 
N 5 
2x 23 7 
(mean) 4.6 2.3 


tions as shown by Gore,® page 33, we 
obtain a value of ¢ = 3.05. The number 
of degrees of freedom needed for ref- 
erence to the reliability tables is usually 
counted as (N, — 1) + 1), 
The value for these data would then be 
six, and the reliability of difference 
between the means is about 97%. Be- 
cause of First’s small number of tests, 
however, especially with no counter- 
action used, the number of degrees of 
freedom thus calulated may be un- 
realistically high. Taking a much more 
conservative estimate (Gore, footnote 
on page 32), degrees of freedom are 
two and the reliability would be about 
91%. As an alternate method, from 
calculations as shown by Youden,’ 
we obtain ¢ = 2.44 and the reliability of 
the difference between means is 95%. 

If we omit experiment three (First’s 
“counteraction at twice recommended 
rate’’) then the two means are >X/N,; = 
4 and =X/N. = 2.3. Interestingly 
enough, the difference between these 
two means, although smaller than the 
previous differences, is no less reliable. 
The value eliminated (seven responses, 
Experiment Three) is an extreme one 
which does not add to the reliability of 


the difference. Using the Gore method 
with two degrees of freedom, we have 
t = 3.15 and reliability of the difference 
between means is 92%. From the 
Youdan method, ¢ = 2.75 and reli- 
ability of difference is 96%. It is re- 
emphasized that these differences be- 
tween the means are interpreted only in 
terms of statistical confidence that the 
use of counteraction is preferred over its 
nonuse. Attempts to interpret the 
degree of hedonic improvement would 
be akin to asking for “how much?” 
information from ‘‘yes or no” data, and 
therefore no such attempts are made in 
this critique. 

Our interpretation of First’s Table I 
is therefore: 

(a) No statistically valid statement 
can be made with regard to the absolute 
effect on the general populetion of the 
treatment method reported. 

(b) For the panel used, and under the 
reported conditions of the test, the use 
of counteractant improves the odor 
acceptability of the effluent, as com- 
pared with the nonuse of counter- 
actant. Reliability of this statement: 
91 to 95% 

(c) For the panel used, and under the 
reported conditions of the test, the use 
of no more than a recommended amount 
of counteractant improves the odor 
acceptability of the effluent, as com- 
pared with the nonuse of counteractant. 
Reliability of this statement: 92 to 
96%. 


Intensity Scaling 


We may now consider the second 
aspect of counteraction: reduction of 
odor intensity. The primary measure- 
ment approaches reported by workers 
in the field have been intensity scal- 
ing,’ ? (e.g., none, slight, moderate, 
strong, extreme) and the Beck’ method 
of psychophysical scaling, in which 
odor intensities are related to a material 
concentration series. First’s Table II 
presents the subjects’ estimates of 
material emission. This type of informa- 
tion is entirely irrelevant to the evalua- 
tion of the intensity reduction feature of 
a counteraction process. It is, further- 
more, entirely misleading in its implica- 
tion that material quantities of odorant 
can be gauged by smell impressions 
directly; logarithmic relationships are 
generally accepted as more applicable. 
Finally, it is inappropriate in view of 
the fact that material determinations 
of this kind are now carried out by 
instrumental methods. The best state- 
ment that can be made is: 

The data of First’s Table II are 
irrelevant to hedonic or intensity scaling 
and hence irrelevant to the appraisal 
of the efficacy of the counteraction 
method used. 


Summary and Conclusions 
A technical appraisal of an air pol- 
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lution abatement method should be 
logical in its objective, methods, and 
interpretation. An attempt has been 
made to extract from Mr. First’s 
paper those conclusions which are 
relevant to the validation of the two 
objectives of an odor counteraction 
procedure: hedonic improvement and 
reduction of odor intensity. The inter- 
pretation of First’s data relevant to 
these objectives, follows: 


1. No statistically valid statement 
can be made with regard to the absolute 
effect on the general population of the 
treatment method reported. 


2. For the panel used, and under the 
reported conditions of the test, the use 
of counteractant improves the odor 
acceptability of the effluent, as com- 
pared with the nonuse of counter- 
actant. Reliability of this statement: 


91 to 95%. 

3. For the panel used, and under the 
reported conditions of the test, the use 
of no more than a recommended 
amount of counteractant improves the 
odor acceptability of the effluent, as 
compe2red with the nonuse of counter- 
actant. Reliability of this statement: 
92 to 96%. 

4. The data of First’s Table II 
are irrelevant to hedonic or intensity 
scaling and hence irrelevant to the 
appraisal of the efficacy of the counter- 
action method used. 
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Introduction 


Complex problems are involved 
in sampling air pollutants. Variables 
such as_ meterorological conditions, 
topography, rates of pollutant emission, 
gas phase chemical reactions at low 
concentrations in the atmosphere with 
or without ultraviolet radiation, etc., 
make it desirable to use automatic 
sampling and measuring devices for 
the determination of the ever-changing 
pollutant levels in the atmosphere. 
Many instruments for the analysis of 
gaseous pollutants have been developed 
because of this need. 

Sulfur dioxide was one of the first 
pollutants for which instrumentation 
was developed. Thomas and co-work- 
ers’—2? based their Autometer upon 
a measurement of the change in electro- 
lytic conductivity of a dilute sulfuric 
acid-hydrogen peroxide solution in 
which absorbed SO, was oxidized 
to the sulfate ion. They adapted the 
Autometer for continuous determina- 
tion of CO, in the atmosphere.*! 


The Titrilog absorbs SO, in an 
acidic bromide solution in which a 
constant low level of bromine is elec- 
trolytically generated. Absorbed com- 
pounds which are oxidized by bromine 
are titrated to a potentiometric end- 
point. The resulting reduction in bro- 
mine level is sensed by an appropriate 
electrode system and additional bro- 
mine is then generated to maintain the 
original bromine concentration. The 
current required to generate this addi- 
tional bromine is a measure of the SO, 
present in the atmosphere. 

Katz!’ described another method for 
the automatic determination of SO, 
in the atmosphere. His instrument 
involved a photometric measurement 
of the fading of the blue color of a 
starch-iodine solution in the presence of 
the reducing gas. 

None of these instruments are spe- 
cific for SO.. The Autometer will also 
record other soluble, ionizable gases 
in the sampled air stream. The Ti- 
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trilog measures other reducing gases 

such as H.S, mercaptans, and unsatu- 
rated hydrocarbons. The starch-iodine 
method is less subject to interference 
from H.S than the Titrilog since 
neutral iodine is less reactive than 
bromine." 

A continuous analyzer has been 
developed for H.S employing reflect- 
ance measurements from a lead acetate- 
impregnated tape. 

Oxidant recorders have been devel- 
oped which measure, either colorimetri- 
cally or electrometrically, the amount 
of iodine liberated from buffered po- 
tassium iodide solutions." Oxidant 
levels have also been determined colori- 
metrically through the oxidation of 
phenolphthalein solutions.!? 

The Austin dual recording colorim- 
eter’ for oxidants embodies two 
colorimeters, one to measure color 
changes in a phenolphthalein reagent 
and the other to measure a ferrous 
thiocyanate reagent. Air is sampled at 
a fixed rate through a measured volume 
of reagent for a set sampling period. 
Readings of the transmittance of the 
reagents are automatically made and 
recorded before and after each sampling 
period. 

Thomas, et al.,?? recently described the 
application of a modified Greiz-Saltzman 
reagent for the automatic analysis 
of oxides of nitrogen in the atmos- 
phere. A California company has mar- 
keted an analyzer which permits colori- 
metric analysis of the atmosphere for 
oxides of nitrogen and oxidant and 
conductivity measurements of SO, levels 
in a single instrument. Separate gas 
flow panels are available for each pol- 
lutant and may be mounted within a 
single metal enclosure. Recordings are 
made in a multi-channel recorder. A 
monetary saving over buying three 

separate instruments for the three 
pollutants is claimed by the manu- 
facturer. 

A laboratory model of an automatic 
analyzer for HF has been described by 
Chaiken, et al. The method is based 
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on the selective quenching of the fluores- 
cence of magnesium oxinate by fluoride 
ions.14 The contaminated air is drawn 
through a filter tape on which the 
fluorescent compound is impregnated. 
Changes in fluorescence are measured 
photometrically. This instrument is 
not available commercially. 

Adams, et al.,° presented a prelimi- 
nary description of laboratory bench 
model of a versatile, automatic analyzer 
for atmospheric fluorides and SOs. 
The design of the instrument should 
permit its use in the determination of 
other pollutants for which colorimetric 
methods of analysis are available. 

The constructional details of most 
commercial and laboratory analyzers 
virtually preclude simple conversion 
of a given instrument to the analysis 
of a pollutant other than the one for 
which it was designed. For most 
applications it is necessary to obtain a 
different instrument for each pollutant 
to be determined, thus contributing 
heavily to the expense of conducting 
air pollution surveys. 

Another problem frequently encoun- 
tered in air survey work concerns the 
wide range of concentrations of pollu- 
tants which exist in the atmosphere 
from time to time. Direct recording 
over such an enormous range may be 
difficult at times. However, it would 
be rather simple to record time as a 
single function of a pollutant exposure 
period. The measurement of the con- 
centration of air pollutants in terms of 
the time required to accumulate a stend- 
ard concentration of the pollutant is 
known as dosimetry. An analyzer de- 
signed as a dosimeter would utilize a 
relatively inexpensive time-date stamp 
to record the varying lengths of time 
required to accumulate equal pollutant 
concentrations. This procedure would 
eliminate the necessity for more expen- 
sive, continuous potentiometric record- 
ers. In addition, the record produced 
would be of a concise nature, recording 
only as the pollutant concentrations 
rise to significant levels. In contrast, 
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continuous recording instruments pro- 
duce great lengths of chart paper which 
must be inspected in order to discover 
the relatively short periods showing 
significant pollution. 

A versatile, dosimeter-type instru- 
ment was designed which would (a) have 
potential application for the automatic 
determination of any pollutant for 
which there is a colorimetric analytical 
method and (b) record time required 
to accumulate standard concentrations 
of a given pollutant. It is believed 
that the instrument could be produced 
at a reasonable price, would yield 
significant data concerning the changing 
levels of atmospheric pollutants, and 
wide application in the study of a 
variety of gaseous pollutants in stacks 
and in the field. 

In addition, the contracting agency 
stipulated that reagents for the de- 
‘ermination of SO. and HF be developed 
‘or use in instrument. Only the work 
involving the analysis of fluorides is 
presented in this paper. The procedure 
used for SO, is based on the work of 
Ketz!3 which has been applied to the 
automatic analysis of SO, in the atmos- 
phere. 

The prototype instrument, a two- 
channel analyzer permitting simultane- 


ous determination of SO. and HF, 
embodied both dosimeter and contin- 
uous recording features. Continuous 
recording was found to be necessary 
while developing suitable specific rea- 
gents for use in the instrument. In- 
stenteneous and continuous observea- 
tions of the reaction of the reagent in 
the analyzer under varying operational 
conditions greatly facilitated the process 
of reagent study. Operating models of 
the analyzer could easily be constructed 
in either the dosimeter or continuous 
recording form, depending upon re- 
quirements. 


Description of Equipment 


Two separate prototype analyzer 
units were constructed and assembled 
within a single metal enclosure to 
permit convenient, simultaneous de- 
velopment and field testing of reagents 
for the determination of SO. and HF 
in the atmosphere. Each versatile 
analyzer consists of two fundamental 
components: (a) a colorimeter capable 
of either triggering a time stamp upon 
development of a pre-selected photocell 
output equivalent to some concentra- 
tion of the pollutant which has been 
absorbed in the reagent (dosimeter 
model) or driving a recorder (the con- 
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AIR LEAK 


tinuous recording model) and (b) an 
air-reagent contacting system in whihc 
a continuously circulating volume of 
reagent contacts a sampled air stream 
until a pre-selected concentration of 
the desired pollutant has been absorbed 
by the reagent. The additional equip- 
ment making up the analyzer permits 
these fundamental components to carry 
on their function in an automatic 
manner. The complete schematic flow 
diagram of this versatile analyzer is 
shown in Fig. 1. Theassembled analyzer 
is pictured in Figs. 2 and 3. No con- 
sideration was given to minimum size 
or weight of components in the con- 
struction of these prototype analyzers. 
Subsequent models can be assembled in 
a readily portable package. 

One of the colorimetric systems con- 
sisted of a Photovolt Model 501-M 
fluorescence photometer. This unit was 
slightly modified to permit continuous 
flow measurements. In addition, a 
removable 45° mirror was installed to 
make possible transmittance measure- 
ments in the ultraviolet and visible 
light ranges. This photometer also 
includes four ranges of amplification to 
permit increased sensitivity when re- 
quired. A wide choice of analytical 
methods is afforded because of the versa- 
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Schematic diagram of versatile, automatic air pollutant analyzer. 
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tility of this modified photometer. 

The second analyzer utilized a Photo- 
volt Model 400-S continuous flow 
photometer. Without extensive modi- 
fications this instrument is limited to 
measurements of visible light absorb- 
ance. Its use, however, greatly re- 
duced constructional costs and would 
undoubtedly be adequate for many 
applications. 

A Hanovia S-4 mercury vapor light, 
connected to the power source through 
a Sola constant voltage transformer, is 
used as the light source with the Model 
501-M photometer. A G. E. germicidal 
lamp, mounted in an interchangeable 
housing, may be easily substituted for 
the S-4 lamp when conducting measure- 
ments requiring short ultraviolet radia- 
tion of 2567 A. 

A 50 w projection lamp, connected 
to the power source through a Sola 
constant voltage transformer, provides 
the light source for the Model 400-S 
photometer. Although it has been 
reported that these lamps have a 
relatively short life, this type of lamp 
has given uninterrupted service for 
periods exceeding nine months under 
the existing operation conditions to be 
described later. 

Both photometers are constructed to 
permit easy interchange of optical 
filters, thus providing a selection of 
wave bands of light suitable for use 
with the analytical reagents utilized. 
The model 501-M also provides for 
insertion of a secondary light filter to 
block scattered ultraviolet light when 
the unit is operating as a fluorometer. 

For dosimetry, the output voltage 
of the colorimeter is utilized to operate 
a time stamp by changing the grid 
voltage on a sharp cut-off triode nor- 
mally biased beyond cut-off. A double 
throw switch permits the time stamp 
to be operated when the photometer 
output reaches either a pre-selected 
maximum or minimum (Fig. 4). This 
arrangement would produce a_ tape 
record consisting of a line entry of the 
minute, hour, day and year at which 
each pre-selected dosimeter concentra- 
tion of the desired pollutant was at- 
tained. Subtraction of each preceding 
time record from its following record 
provides the actual air sampling time 
involved in each dosimeter cycle. 

In the continuously recording version, 
the output from the photometer was 
hooked across a separate voltage di- 
vider to provide a 50 mv full scale 
signal to the Leeds and Northrup 
0-50 mv recorder. 

A concurrent type of air-reagent 
contacting system was designed to 
facilitate continual circulation of a 
small batch of reagent through an 
optical flow cell with a minimum of 
auxiliary equipment. A detailed draw- 
ing of a typical contractor system is 
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Fig. 2. Interior view of “Universal” air pollutant analyzer. 


shown in Fig. 5. Air sampling rates 
between a few hundredths of a cfm to 
max of 1 cfm may be selected by 
proper adjustment of an air leak valve 
on the air pump. 

The sampled air stream was drawn 
through a rotometer mounted on the 
face of the analyzer. The air flow was 
regulated by means of a built-in, ad- 
justable, air leak of the vacuum side 
of the Fisher air pump (Pi, Fig. 1). 
Air entering under suction lifts the 
reagent, which has fallen by gravity 
through the optical path, up through 
the contacting column. The scrubbed 
air passes out through the exhaust tube 
at the top of the system to the suction 


pump and the reagent drains back 
through the optical path. A constant 
head of reagent was maintained within 
the optical cell by means of the capillary 
tip at the lower end of the cell. 

A dosimeter-type instrument neces- 
sarily cycles a small volume of reagent 
for varying lengths of time. Continue 
changes in humidity of the sampled 
air stream as well as the rate of air 
sampling will produce a variable and 
continued reduction in reagent volume 
through evaporation. Such volume 
changes would produce an unwanted 
increased light absorbance readings by 
the photometer. Therefore, an elec- 
tronic liquid level control system? 
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was designed to sense slight decreases 
in reagent volume within the air- 
reagent system and to maintain the 
reagent at its initial volume by in- 
jection of make-up water as required. 
Reduction in reagent level is sensed by a 
suitable electrode system, Fig. 5. In- 
terruption of the electrode-reagent cir- 
cuit activates the electronic control 
circuit, Fig. 6. Small increments of 
make-up water from the water storage 
bottle are introduced through a Beck- 
man “Titrimeter” valve (Ve, Fig. 1) 
as required by the rate of liquid evapora- 
tion. 

A motor-operated, 2-min, single cycle, 
multiple cam timer switch controls 
the sequencing of the various automatic 
operations of the analyzer during the 
reagent changing cycle. Table I in- 
dicates the timing of a typical reagent 
-yeling operation. 

The cycling of the reagent with the 
stream of continuously sampled air 
‘ontinues until either (a) a pre-selected 
concentration of the desired pollutant 
is accumulated, (b) a maximum time is 
reached over which the reagent remains 
stable in the presence of a circulating 
stream of unpolluted air, or (c) the 
reset button is manually operated. A 
reset time delay relay is set to control 
the maximum cycling time of a given 
charge of reagent. In the absence of the 
desired pollutant, the air sampling 
cycle will continue until this maximum 
time has elapsed. The time delay relay 
will activate the reagent change cycle 
and reset itself to the maximum time. 
Should the desired, pre-selected pollu- 
tion concentration be attained during a 
lesser time interval, the attainment of 
this level will activate the reagent 
change cycle and simultaneously reset 
the relay to maximum time. Similarly, 
pushing the reset button at any time 
will cause the reagent to be changed 
and reset the timer reiay to maximum 
time. In the continuously recording 
model, an adjustable cam was mounted 
on the potentiometer slide wire shaft of 
the recorder which closed a micro- 


Table I—Sample Changing Sequence 


Time, 
(Seconds) Operation 

0 Recorder shut off 

0 Air pump turns off 

0 Dump valve opens 
30 Dump valve closes 
30 Rinse water turns on 
35 Rinse water turns off 
35 Air pump turns on 
40 Air pump turns off 
40 Dump valve opens 
70 Dump valve closes 


70 Reagent syringe pump turns 


on 
100 Reagent injection completed 
100 Air pump turns on 
120 Recorder turns on 


switch upon attainment of the pre- 
selected photometer output. Closing 
this micro-switch magnetically acti- 
vated the multi-cam timer controlling 
the reagent change cycle as described 
under condition (a) above. 


Reagents 


Selection of suitable reagents for the 
determination of pollutants in the 
atmosphere in a dosimeter type analyzer 
must be based on the following cri- 
teria: 

1. Good sensitivity in the expected 

concentration range. 

2. Conformity to Beer’s law within 


Fig. 3. Interior view of “Universal” air pollutant analyzer. 


the limited concentration range 
expected. 

Nonsensitivity of the reagent 
to the expected céncentration of 
the other ion-producing pollu- 
tants, frequently found in asso- 
ciation with the pollutant being 
determined. 

A minimum time required for 
the resection to attain equilib- 
rium. 

Reaction stability at equilibrium. 
Low temperature coefficient. 
Stability of the prepared reagent. 
A high buffering cepacity with 
relative insensitivity of the color 
reaction to small chenges in pH 
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Hydrogen Fluoride 


Study of many published analytical 
procedures for the fluoride ion revealed 
two methods conforming to most 
of the above ideals. The Zirconium- 
Eriochrome Cyanine R Lake method of 
Megregian'’® appeared to meet all but 
requirement number eight. It was 
later shown that the reduction of HCl 
resulting from continued aspiration of 
the reagent up to 24 hr did not signifi- 
cantly change the color of the reagent.‘ 

The Aluminum-Superchrome Garnet 
Y method of Powell and Saylor” 
measured up to most of the require- 
ments, but failed tests four and eight. 
Substitution of a nonvolatile buffering 
system for the Powell Saylor acetic 
acid-acetate buffer eliminated objec- 
tions to number eight. The literature 
indicates that equilibrium is attained in 
90 min at room temperature and in 5 
min at 140°F. Successful application 
of this method might necessitate opera- 
tion of the air-reagent contact system 
within the temperature range of 120- 
160°F. to reduce the time required 
for the reagent-fluoride system to 
attain equilibrium. Experience in the 
operation of our air-reagent contactor 
at 120°F indicated that excessive loss of 
reagent through the rapid drying of 
spray droplets on the hot side-walls 
of the contactor may make the use of 
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Fig. 4. Circuit for colorimeter operation of a time-stamp. 


such elevated contractor temperatures 
impractical. 

The Megregian reagent was modified 
through a 50% reduction in the con- 
centration of HCl used. This decrease 
in acidity resulted in a significant 
increase in the fluoride sensitivity with 
no noticeable change in SO, interference, 
time required to attain equilibrium, 
color change produced by aeration loss 
of HCl, ete. 

A further modification of the reagent 
was necessary to retard the air oxidation 
of the aerated reagent. Hydroquinone 
and dimethyl octynediol are the most 
satisfactory stabilizers found to date. 
Further study of reagent stabilizers 
should be made. Successful extension 
of this search would permit longer 
periods of sampling with each injection 
of reagent, thus more nearly approach- 
ing the ideal dosimeter reagent. The 
present reagent is however, adequate 
for application in a dosimeter, if the 
reagent cycling cycle is limited to a 
max of 24—48 hr. 

The light absorbance measurements 
are conducted with Zirconium-Erio- 
chrome Cyanine R reagent using the 
Hanovia S-4 mercury vapor light and a 
narrow band pass optical filter peaking 
at 550 uw. Fig. 7 shows the spectral 
characteristics of the modified reagent 
and the reagent + 20 ug of added 


fluoride. A sensitivity of approximately 
1% T/ug F- is observed in the 0-30 
ug range at 550 u. 


Reagent Preparation 


Stock Dye Solution. Dissolve 1.800 g 
of Eriochrome Cyanine R. in distilled 
water and dilute to 1 |. 

Acidified Zirconium Stock Solution. 
Dissolve 0.1308 g zirconium hydroxide 
j2 375 ml of warm concentrated HCl 


-» AIR EXHAUST 


E 
CONTACT Y 


Fig. 5. Air-reagent contactor detail. 
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(sg 1.19), cool and dilute to 1 1 with 
distilled water. 

Fluoride Reagent. To 500 ml of 
distilled water, add 200 ml of the acidi- 
fied zirconium solution followed by 
200 ml of the dye solution. Then 
add 3.00 g Surfynol 82. Dilute to 1 
]. Two drops of Dow-Corning Anti- 
foam A Emulsion is then added to con- 
trol foaming. 

The prepared reagent is then trans- 
ferred to a 1 1 storage bottle in the 
atmospheric analyzer and _ protected 
from the air with an alkaline pyrogallol 
trap. The reagent has been found to 
remain stable for periods up to several 
weeks. 

A series of analyses were conducted 
in which samples of test chamber 
atmosphere (in the 0-5 ppb F~ range) 
were drawn through two independent 
iritted glass scrubbing towers at a rate 
of 1 efm. The absorbing liquid was 

150 ml of 0.01 N NaOH. The volume 
of air passing through each tower was 
measured with dry test flow meter. 
The fluoride content of the absorbing 
liquids was determined by thorium ni- 
trate titration.6 The sampling proce- 
dure has been previously described.? 

A second comparison was then made 
between atmospheric fluoride concen- 
trations found with a scrubbing tower 
and the automatic enalyzer. Table II 
records the statistical evaluations of 
the reproducibility of analysis of HF 


Table Il—Statistical Comparisons of Manual and Instrumental Methods of 
Air Analysis 


Standard Error 


Value of F for 
5% 
70 


Source of Variation of Estimate No. F Ratio Significance 
Duplicate scrubbing towers 
(a) 0.55 ppb HF 14 — — 
Scrubbing tower vs ADAK 
b 0.82 11 — — 
— 2.22 2.67 


(a) vs (b) — 


atmospheres in a test chamber using (a) 
duplicate scrubbing towers and (b) a 
scrubbing tower vs the automatic 
fluoride analyzer. These data indicate 
that there is no statistical difference in 
the error of mezsurement between 
methods (a) and (b) above. The 
variation associated with the comparison 
of single scrubbing tower samples with 
the ADAK values is somewhat greater 
than the standard error essociated with 
the analyses obtained from duplicate 
scrubbing tower samples. This varia- 
tion, however, is not significant at the 
5% level. 

Figure 8 shows typical curves ob- 
tained with the recording fluoride 
dosimeter on laboratory test atmos- 
pheres of HF (Fig. 8a), SO. (Fig. 8b), 
and filtered air (Fig 8c), and in the 
field (Fig. 8d) during a time when 
simultaneous injury was produced in 
exposed Ethyl Cave Cole gladioli. 
Figure 8d, however represents only a 


SPOT 
SEALED RELAY 


portion of the total recorded fumigation 
period which produced the observed 
leaf burn. 

Figure 9 shows a calibration curve ob- 
tained with the automatic analyzer 
by the addition of 0.30 ug F~ to 25 ml 
of the reagent. Atmospheric concentra- 
tions of fluoride in terms of part per 
billion HF may then be calculated 
for any desired time spen during a given 
reagent cycle by dividing the micro- 
grams of fluoride found by the cubic 
meters of air sampled during the selected 
study period. In practice, Fig. 9 
would be reproduced on a clear plastic 
sheet on a scale equal to the recorder 
span and placed over the record of 
each cycle. The accumulated fluoride 
between any two points on the record 
can be readily determined in this 
manner. 


Performance and Results 
The assembled two-channel instru- 
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Liquid level controller for ADAK recorder. 
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Fig. 8. Typical fluoride concentration records. 
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ment has been used continuously in 
field and laboratory studies for a period 
of five months. Various components of 
the analyzer were, however, in service up 
to a total of 18 months during which 
time the analyzer developed from a 
manually-operated, laboratory bench 
model to the final fully automatic as- 
sembly. During the field testing pro- 
gram the instrument was mounted 
in a mobile field laboratory, Fig. 10, 
and was transported over roads varying 
in condition from dirt and “washboard” 
and new construction to concrete pave- 
ment. Approximately 1400 mi of roads 
were covered during the test period. An 
oceasional loose nut or connection was 
encountered; however, no serious com- 
ponent malfunction resulted from the 
-ontinuous vibration of transporting the 
instrument. 

The instrumental error involved in 
the operation of the analyzer was in 
the order of +1% T, which is equivalent 
to +1 wg F~ under the conditions of 
analysis. The major portion of this 
crror was due to variations in the 
volume of reagent injected into the 
vas contactor at the beginning of each 
dosimeter cycle. This error was mini- 
mized when the sampling cycle was of 
short duration. Subsequent models will 
be designed to eliminate this source of 
error. 

Air was sampled at the rate of 
1 cfm and the instrument was adjusted 
so that the instrument would cycle upon 
the accumulation of 30 ug of fluoride. 
A continuous atmospheric concentra- 
tion of 1 ppb F~ was found to produce 
a 1% T change in light transmission in 
a 35 min sampling cycle. Under ideal 
conditions in the laboratory involving 
careful control of the reagent volume, 
it was possible to detect 1 ppb F- 
in the test chamber in a 35 min sampling 
period. 


Conclusion 


A versatile instrument has _ been 
developed which may be used as a 
dosimeter or a, continuously integrating 
recorder for the automatic analysis of 
gaseous pollutants for which a colori- 
metric anelytical method may be 
adapted or devised. Further investi- 
gation may indicete that the instrument 
may be useful in the study of particulate 
pollutants by pyrolytic pre-treatment 
of the particulates or utilization of a 
reagent in which the perticulate will 
dissolve and produce detectable ions. 
A satisfactory reagent for the deter- 
mination of atmospheric hydrogen fluo- 
ride in a concentration range of p°rts 
per billion has been reported. This 
range of fluoride application may be 
extended to the analysis of atmospheres 
of higher concentration such as those 
found in stack effluents from various 
industrial This may _ be 


processes. 
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Fig. 7. Spectral Transmittance-modified zirconium-eriochrome cyanine R reagent. 


accomplished by proportionate reduc- 
tion of the air sampling rate, thus 
providing an automatic method for 
continuously monitoring fluoride emis- 
sion rates. Similarly, the sensitivity 
of the instrument and reagent might be 
increased by successfully increasing 
the air sampling rate, reducing the 
volume of circulating reagent and/or 
application of a reagent embodying 
greater fluoride sensitivity. Successful 
field and laboratory tests have been 
carried out with this analyzer and 
fluoride reagent. 
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ABSTRACTS of LEGAL DECISIONS Relating to Air Pollution 


Martin v. Reynolds Metals Company,__ 
, Ore. , 342 P. 2d 790 
(Oregon Supreme Court, July, 29, 1959) 


SUMMARY: The deposit upon 
plaintiffs’ land of certain airborne 
fluoride compounds in the form of in- 
visible gases and particulates emitted 
by defendant’s aluminum reduction 
plant constituted a direct trespass upon 
said land and not merely a nuisance. 

ACTION: Appeal from a judgment 
entered upon a directed verdict for 
plaintiffs for damages arising from tres- 
pass, after both parties had moved for a 
directed verdict. 

FACTS: Defendant operated an 
aluminum reduction plant which emitted 
certain airborne fluoride compounds in 
the form of gases and particulates. 
The gases and particulates, invisible to 
the naked eye, settled upon plaintiffs’ 
land and allegedly rendered it unfit 
for raising livestock. Allegedly due to 
the lack of grazing, undesirable vegeta- 
tion grew up on the land and caused it 
to deteriorate further for grazing pur- 
poses. Plaintiffs’ claim for damages for 
loss of use of the land for grazing pur- 
poses and for deterioration of the land 
covered the period from August 22, 
1951 to January 1, 1956. A fume collec- 
tion system installed by defendant in 
1950 was in operation during the entire 
aforesaid period. Plaintiffs also alleged 
that the emissions were careless, wanton 
and wilful and demanded punitive 
damages. 

TRIAL COURT: | After each party 
had moved for a directed verdict, the 
court found that plaintiffs had suffered 
damage in the amount of $71,500 for 
loss of use of their land and $20,000 for 
the deterioration of the land and 
entered judgment accordingly. Plain- 
tiffs’ claim for punitive damages was 
rejected. 

HELD: On appeal, the Oregon 
Supreme Court, one justice specially 
concurring, affirmed the judgment of 
the trial court and held: 

1. Trespass is any intrusion which 
invades the possessor’s protected interest 
in exclusive possession of land, whether 
that intrusion is by visible or invisible 
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pieces of matter or by energy which can 
be measured only by scientific means. 

2. The intrusion of the invisible 
gases and particulates constituted a 
trespass, although as an invasion of 
plaintiffs’ interest in the use and enjoy- 
ment of the land it could also constitute 
a nuisance. 

3. The six-year statute of limita- 
tions applicable to an action for tres- 
pass determines the period during which 
plaintiffs can claim damages and not 
the two-year statute applicable to 
nuisance actions. 

4. The trial court did not err in 
refusing to make a special finding re- 
quested by defendant to the effect that 
it was impossible in the operation of an 
aluminum reduction plant to capture 
all fluorides which are created in the 
manufacturing process; that the fume 
collection system was in operation dur- 
ing the period in question; and that it 
was the most efficient system known, 
since the requested finding related only 
to the claim for punitive damages which 
was rejected by the trial court. 

5. There was substantial evidence 
from which the trial court could have 
connected the emanation of the fluorides 
with the damage alleged. 

6. At modern law, however, not 
every physical intrusion of another’s 
land results in an actionable trespass 
if the possessor’s protected interest is 
not violated or endangered. (The 
court attempts to explain at some 
length the considerations which deter- 
mine this “protected interest’? and 
whether any particular act constitutes 
an actionable trespass, citing and at- 
tempting to reconcile Amphitheaters, 
Inc. v. Portland Meadows (1948), 184 
Ore. 336, 198 P. 2d 847; wherein the 
court held that the casting of light from 
defendant’s race track upon plaintiff’s 
outdoor motion picture screen, causing 
diminution of the projected picture, 
did not constitute an actionable tres- 
pass nor a nuisance. The Chief Justice 
concurred in the Martin result, but 
dissented from the portion of the 
opinion which attempts to reconcile the 
present holding with that of the Amphi- 
theaters case.) 


Highway 100 Auto Wreckers, Inc. v. West 
Allis, 92 NW 2d 85 (Wis. Supreme Ct., 
Apr. 7, 1959) 


ACTION: Declatory judgment seek- 
ing the voiding of a regulatory ordi- 
nance. 

FACTS: Several auto salvage yards 
were located near a residential district 
on the highway by-passing Milwaukee. 
The practice was to burn the automo- 
biles out of doors to dispose of paint, 
varnish, upholstery, and rubbish, be- 
cause the steel companies to whom the 
scrap was sold required uncontaminated 
compressed bundles of scrap. 

STATUTES AND ORDINANCES: 
Wisconsin statute permitted municipal 
regulation, licensing, prohibition etc. of 
any industry “where any nauseous, 
offensive or unwholesome business may 
be carried on.’’ Another statute au- 
thorized large counties to regulate dis- 
charges of smoke, gases, fumes, etc. 
Milwaukee County had enacted a 
regulatory ordinance making unlawful 
the emission of smoke equal to or greater 
than Ringelmann #2. Pursuant to the 
act enabling regulation of business, 
West Allis enacted an ordinance pro- 
hibiting the burning of any parts of 
junked automobiles. 

EVIDENCE: Near-by _ residents 
testified that the smells incidental to 
the auto burning were nauseous and 
offensive, impairing their health and 
comfort, and that smoke and soot were 
produced which adversely affected the 
neighborhood. 

TRIAL COURT: Ordinance in- 
valid. The fumes and odors are in- 
cidental to the production of smoke and 
are within the subject matter reserved 
to the county and covered by its 
ordinance. 

HELD: Reversed. 

1. Police power extends to public 
safety, health, morals, and general wel- 
fare. 

2. Though both smoke and fumes 
are incidental to the burning of these 
materials, the county ordinance only 
regulates smoke, its shade, or density. 

3. Except for matters expressly 
covered by the county ordinance, the 
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Largest selling filter of 
its type in the world! 


DAY “AC” 
Reverse Jet 
Dust Filter 


Cutaway view of DAY “AC’’— 
available housed or unhoused — 
for pressure or suction. 


(Licensed by 
H. J. Hersey, Jr.) 


Better Dust Control Systems Cost Less When 
They Include a DAY “AC” Reverse Jet Filter! 


Filtering rates for a DAY “AC” are 10 to 20 cubic feet 
of air per square foot of filter media. These are about 


Less five times greater than old style filters. This means you 
: get maximum filtration from a minimum filter invest- 
equipment ment. Because virtually 100% of the DAY “AC” is op- 
needed erating at all times, no money is wasted on intermittent 
or standby units. One DAY “AC” will filter and keep 
separated, dusts from up to 10 different sources! 
You know all equipment requires normal inspection 
and care. But you'll find many DAY filters have been 
Less on the job for 5, 6, 7 or even 8 years that have had no 
maintenance repairs whatsoever. In short, the Day “AC” is built to 
last! They have an “appetite” for work and a reputation 
for dependability and long life. 
Because of smaller diameter felt filter tubes the DAY 
Less space “AC” gives you a greater air handling capacity in less 
needed space. DAY “AC” :ilters occupy up to 50% less space 
— an important consideration for plants of any size! 
The real “pay off” on DAY “AC” filters is their ability 
Pag to clean dust laden air with near perfect efficiency! 
tering Even “tough” materials such as carbon black or atomic 
efficiency energy materials are filtered with optimum effectiveness. 


For additional information about the DAY “AC” reverse jet dust filter write 
toDAY for Bulletin F-75. It also contains pages of useful air engineering data. 


Me DAY Company 


SOLD in UNITED STATES by \\ DAM, 7, MADE and SOLD in CANADA by 
The DAY SALES Company ~ The DAY Company of Canada Limited 
862 Third Avenue N.E. Rexdale (Toronto), Ontario, Canada 
Minneapolis 13, Minnesota Ft. William, Ontario, Canada 


Representatives in Principal Cities 


EQUIPMENT ONLY OR A COMPLETE SYSTEM 
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long as the county had not done so. 

4. Other grounds such as potential 
fire hazard, set-back requirements made 
necessary to ease police protection and 
protection of aesthetics were urged as 
bases for the ordinance and were ap- 
proved by the Supreme Court. The 
trial court had disapproved them. 


Addendum 


ACTION: Motion for rehearing of 
case reported at 92 NW 2d 85 (Wis. 
Supreme Ct., Apr. 7, 1959). 

HELD: 1. A section of the Mil- 
waukee County Smoke Ordinance does 
attempt to regulate noxious gases anc 
fumes, a fact overlooked in the earlier 
opinion. 

2. Regulation of matters covered by 
the county ordinance is pre-empted, and 
cities cannot regulate such matters. 

3. Court will not rule on constitu- 
tional attack based on vague standards 
concerning smoke emission nor on 
equal protection of smoke-producing 
industries, because the ordinance can be 
sustained as a valid exercise of the 
police power on the ground that the 
business regulated is a fire hazard. 


Pelletier v. Transit Mix Concrete Corp. 
(174 New York Supp. 2nd 794) 


Action by apartment dwellers against 
operator of nearby ready-mix concrete 
plant and trucks to enjoin operations 
during other than normal working hours 
on ground operation constituted a 
public nuisance. 

Complaint dismissed. 

“Congested centers are seldom free 
from smoke, odors and other pollution 
from houses, shops and factories, and 
one who moves into such region cannot 
hope to find the pure air of the village or 
outlying district.... Residents of in- 
dustrial centers must endure without 
redress a certain amount of annoyance 
and discomfiture which is incident to 
life in such a locality “(Bove. vs. Donner- 
Hanna Coke Corp., 236 App. Div. 
(N. Y. 37). 

“The evidence establishes operation 
by the defendant with the best and 
most modern equipment and in con- 
formity with usual custom and proper 
practice. Effect must also be given to 
the fact that defendant’s plant was in 
operation prior to the construction and 
operation of the two (housing) develop- 
ments and to the character of the 
neighborhood. 

“Whether the use of property to carry 
on a lawful business which creates 

smoke, noxious gases, noise or which is 
offensive to neighbors amounts to a 
nuisance depends upon the facts of 
each particular case. (Frank vs. Cos- 
sett Cement Products, 197 Miscel- 
laneous (N. Y.) 670).” 
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city ordinance is not void. It was 
proper to regulate fumes and odors as 
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(Continued from page 144) 


a fair picture. 

In summary, some of the deficiencies 
of the type of reporting presented in the 
present paper may be listed as: 

1. Failure to identify major com- 
ponents of the particulate to allow a 
more reasonable comparison. 

2. Disregard of the effect exerted on 
the samples collected by the wind direc- 
tion and other meteorological condition. 

3. Lack of consideration with re- 
spect to the results being indicative of 
the sampling station only, rather than 
the entire area covered by the report. 

4, The use of city names allows un- 
warranted comparisons to be made by 
tliose who are unfamiliar or ignorant of 
p:oper air pollution sampling. 

5. Dependence upon a mere set of 
figures which happen to be within statis- 
t cal limits of error, rather than a con- 
<\deration of the factors which would 
«vuse variations in the results in the 
articular area. 

6. Failure to explain within the 
printed text that the method proposed 
Joes have these deficiencies, which tends 
to mislead those who are not so well- 
informed in sampling techniques. 

While there are other deficiencies 
which have not been touched upon, it 
ust be clearly pointed out that results 
~uch as these are bound to carry weight 
and be given an unwarranted impor- 
tance, simply because they bear the 
name of the U.S. Public Health Service. 
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offers a 


furnace 
exhaust 
hoods! 


Pangborn 


new concept 
in electric 


After years of development, Pangborn now 
offers effective control of smoke, fumes and 
dust from electric melting furnaces with min- 
imum interference to furnace operations and 
maintenance. The hood design is based on 
the fundamental dust control principle of con- 
fining and capturing fumes and dust immedi- 
ately adjacent the source. Effective control is 
secured with substantially reduced exhaust 
air volumes. 

The Pangborn Exhaust Hood reduces the 
weight carried by the furnace roof; reduces 
hood areas subject to high temperatures; re- 
duces electrode travel limitations and is ap- 
plicable to top and side charge furnaces of 
all types and sizes. 

With the exhaust hood connected to an 
efficient Pangborn Cloth Bag Collector, 
compliance with the most rigid air pollution 
control regulations is assured. For informa- 
tion call the Pangborn man in your area or 
write: PANGBORN CORP., 5100 Pangborn 
Blvd., Hagerstown, Md. Manufacturers of 
Blast Cleaning and Dust Control Equipment. 
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APCA Travels 
to Cincinnati, Ohio in 1960! 


Join us at the 53rd Annual Meeting 
Netherland-Hilton Hotel 
May 22-26, 1960 


Air Pollution Control Association Membership Blank 


Name (or company name) 


Mailing address 


Individual members: Company, organization, or agency with whom you are affiliated... ..............eeeeeees 
Company or Sustaining members: Industry affiliation or type of business (steel, petroleum, equipment, etc.).... 


4. Class of Membership (please check) 


Dues 
Individual O $ 10.00 
Company (1 50.00 


Sustaining O 250.00 Minimum 


Check enclosed herewith 0 
Send bill for dues O 


Company or sustaining member’s delegated voting 
representative is: 


Here is an opportunity to help your Association get its membership campaign off the 
ground. Use this application blank for new individual, company or sustaining mem- 


bers. If each APCA member brings in just one new member, we'll be well over the 
4000 mark. 
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BUELL PUTS DOUBLE EDDY” 
TO WORK TO INCREASE FLY ‘Se 
ASH COLLECTION EFFICIENCY! ‘Gil 


Ordinary cyclones provide limited efficiency in collecting boiler fly ash, 

because of “double eddy” currents inside all cyclones. But Buell Cyclones 

make the Double Eddy work to increase efficiency.—The Double Eddy circulates 
vertically inside all cyclones acting against the normal separating force of 

the spinning stream of gas and ash. Buell Cyclones have a narrow “Shave- 

off” port (2) at the top of the casing. This port catches and removes ash 
trapped in the Double Eddy. It makes the cyclone more efficient instead of less. 
—Only Buell Cyclones have the Shave-off. And only Buell Cyclones combine this 
efficiency with large diameter: they will not clog or plug even with loadings up 

to one pound of ash per cubic foot of gas. No field fitting is needed: they are 
completely assembled and match-marked before shipment. They can be completely 
lined, inside and out, against heat, corrosion and abrasion.—For a list of installa- 
tions near you, a copy of our Catalog 103, or other information, call our nearest 
representative, listed in the telephone classified directories of most major cities under 


“Dust Collection Systems”. Or write Dept. 51-K, Buell Engineering Company, Inc., 123 NS Wiis 


William Street, New York 38, N. Y. (Subsidiary: Ambuco Limited, London, England.) 
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1. Inlet for 
dust-laden 
flue gas. 

2. Dust Shave- 
off port. 
3. By-pass dust 
hannel. 
. By-pass re-en- 
try opening. 
5. Dust outlet. 
6. Clean flue gas 
outlet. 

EXPERTS AT DELIVER- 
ING EXTRA EFFICIENCY 
IN DUST RECOVERY SYS- 

TEMS - Cyclones - “SF” 
Electric Precipitators - 
Combination Systems - Dry 

Classification 
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NEW 
DUCON 


DYNAMIC 
WASHERS 


RECOVER DIFFICULT DUSTS 
EFFICIENTLY AND ECONOMICALLY 


Ducon UW-4 Dynamic Wet Dust Collectors have added 
a new dimension in dust recovery. They have replaced, 
with outstanding success, many more costly and less ef- 
fective dust collectors in the recovery of “difficult” mate- 
rials, such as fine and abrasive dusts in kilns, rotary driers 
and other applications. 


The UW-4 Washers are also ideal for high loading condi- 
tions where maximum efficiency is desired. 


Ducon UW-4 washers offer other unique advantages, in- 
cluding constant air capacity, low water consumption and 
rugged construction. They are self-cleaning and fire and 
explosion proof. 


For complete information write for Bulletin W-7456. 


Ducon 
THE COMPANY we. THE DUCON COMPANY of CANADA, Ltd., 


147 EAST SECOND STREET ¢ MINEOLA, L.!., NEW YORK 1131 Pettit St., BURLINGTON, ONTARIO 


CYCL RIFU 
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The Research-Cottrell score on electrical precipitators for 1958: 


put into operation and completely 


performance-tested 


Unprecedented is this record number of 32 installations in one year — all of 
which met or exceeded their performance guarantees. The chart below shows a 
number of these installations. 

Such a record is no accident. It is largely the result of 1198 years of combined 
engineering skill and experience — factors which have made Research-Cottrell 
the undisputed leader in electrical precipitation. 


On your next job — if you want 
the assurance of trouble-free 
installation and operation, be 
sure to call on Research-Cottrell. 


100% 


Chart shows 
13 typical 


installations which 
have exceeded 
guarantees. 
(NAMES ON REQUEST) 


Actual Performance 


Guaranteed Performance 


Performance over and above your 
guarantee is a big extra. For example, 
in the chart, the first bar shows 

an actual loss of only 14 of the 
guaranteed maximum loss. This 
means a far cleaner gas at no extra 
cost to you. 
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4 a 
installations 4 
installations 
meet or exceed guarantees . 
a | | | 
ll,imc. 
esearch-Cottrell Inc. 
RESEARCH-COTTRELL, INC. Main Office and Plant: Bound Brook, N. J. @ 405 Lexington Ave., New York 17, N.Y. 
|  Research-Cottrell (Canada) Ltd., 33 Bloor Street East. Toronto 5, Ontario 
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HI-VOLUME 
AIR SAMPLER 


INDUSTRY AND GOVERNMENT 
HAVE DISCOVERED IT TO BE — 

A NECESSITY IN MAINTAINING 
MODERN HEALTH STANDARDS 


The STAPLEX HI-VOLUME AIR SAMPLER has proven to be a basic 
instrument in combating and controlling air pollution. Time-tested . . . 
excellent for both indoor and outdoor sampling . . . this sampler 
accomplishes in 10 minutes what previous units required 36 hours to do. 


Accurately samples large volumes of air containing particulate matter as 
small as 1/100th of a micron in diameter through use of filter papers. 
Standard filter paper 4 inches in diameter. 6” x 9” and 8” x 10” 
adapters available. Other sizes to order. 


Hundreds now in use by Industry and all types of government health 
agencies, Municipalities, Insurance Companies, etc. to accurately measure 
factory health hazards, atmospheric conditions, smoke abotemenf, 

smog, for mine inspections, and many other applications. 


| =Sraplex company! 

write for | AIR DIVISION 
details | 777-D FIFTH AVE., BROOKLYN 32, N. Y. 
NAME 

| COMPANY | 

| ADDRESS 

11-59 | 
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JET-CLEANED 


FILTER 
(“Oualaire”) 


HI-TEMP FILTER 
(“Therm-O-Flex"') 


HOW WESTERN PRECIPITATION’S UNIQUE “KNOW-HOW” 


The science of dust, fume and fly ash recovery is a highly 
technical one. Moreover, the fact that there are a number 
of basic methods for separating suspensions from industrial 
gas streams — each with certain advantages and disadvan- 
tages — further complicates the basic problem. 

Even two different plants cleaning the same type of gas 
may find that such variables as capital investment policies, 
maintenance and labor schedules, and other similar man- 
agement functions may make one type of equipment the 
logical choice for one plant —a basically different type of 
equipment the best solution for the other. 

That’s why Western Precipitation’s position in the gas 
cleaning field is so unique. It is the only organization that 


1. COTTRELL Electrica! Precipitators 
2. MULTICLONE Mechanical Collectors 


3. CMP Combination Units 


PRECIPITATOR 
Electrostatic) 


For Air Pollution 
Control... 


THERE'S ONLY 


4. DUALAIRE Jet-Cleaned Filters gi and C of Equip 
5. THERM-O-FLEX Hi-Temp Filters 
6. TURBULAIRE-DOYLE Scrubbers 
Also: HOLO-FLITE Processors ~ 
HI-TURBIANT Heaters 


CYCLONE 
(“‘Multiclone” Collector) 


COMBINATION 
(Cottrell-Multicione “CMP") 


SCRUBBER 
(“Turbulaire-Doyle”) 


BENEFITS YOU! 


designs, engineers and installs all the basic types of gas- 
cleaning equipment. It is completely unbiased in its view- 
point, and is able to show you exactly how the overall costs, 
the collection efficiencies and the operating requirements 
will vary for each installation — with each type of collecting 
equipment that may be applicable. 

Such an unbiased evaluation is invaluable‘in assuring opti- 
mum returns from your gas-cleaning dollar. Best of all, this 
unique “know-how” costs you nothing. It is a basic part of 
Western Precipitation’s service to industry throughout the 
United States, Canada and the Free World. 


Our nearest representative will gladly place this unique fund 
of experience at your service. Why not call him today? 


WESTERN 


PRECIPITATION 


CORPORATION 


for Collection of Suspended Material from Gases . . . and Equipment for the Process Industries 

LOS ANGELES 54 - NEW YORK 17 + CHICAGO 2 + PITTSBURGH 22 +» ATLANTA 5 » SAN FRANCISCO 4 
Representatives in all principal cities 

Precipitation Company of Canada Ltd., 8285 Mountain Sights Avenue, Montreal 9 
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Double-Monochromator gives IR-4 superior resolution for infrared analyses. 
Because of this unique Double-Monochromator the IR-4 provides greater dispersion and greater energy 


than any instrument of its class. That means superior resolution for all infrared analyses: maximum 


resolution for fine molecular structure studies at slow scanning speeds...normal resolution for routine 


analyses at fast speeds. Photometric accuracy is unsurpassed. And, regardless of optics used, stray light 
effects are negligible. ¥ In addition, the IR-4 offers these outstanding features: wide variety of scanning 
speeds...choice of wave length scale expansions and chart abscissa presentations...repetitive scan. 
There is a complete line of accessories including: CsBr and other prism interchanges, infinitely vari- 
able %T scale expansion, auxiliary slave recorder, micro cells and large volume cells for liquid, gas, 
and solid samples. % For complete information on the many analytical benefits to be gained from the 


Double-Monochromator IR-4,write today for Data File 85-11-02. Beckman: 
Scientific and Process / Instruments Division 


Beck Instr ts, Inc. 
2500 Fullerton Road, Fullerton, California 


It’s a Fact: The Beckman 15A Infrared Analyzer, due to its sensitivity and rapid response, can detect the photosynthesis of 
a leaf exposed to a one-second flash of light — equal to the production of less than one-billionth pound of sugar. 
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